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FIELD: molecular biology, genetic engineering, microbiology, 
biotechnology. SUBSTANCE: invention relates to preparing 
genome DNA fragment and cDNA encoding phytase in Aspergillus 
niger and having the definite nucleotide sequences. Recombinant 
plasmid DNA pFYT3 for phytase expression in Aspergillus has a 
size 15,3 thousand base pairs and consists of vector PTZ-18 and 
DNA-fragment operatively bound with promoter of glucoamylase in 
Aspergillus niger and has gene amds of Aspergillus nidulans as a 
selective marker. Recombinant plasmid DNA pAF - 2-2S for 
phytase expression in Aspergillus has a size 13,4 thousand base 
pairs and consists of vector pUC-19 and pVU-fragment (size is 6,1 
thousand base pairs)> The latter has DNA-fragment. Plasmid 
involves gene amds of Aspergillus nidulans as a selective marker. 
Strain Aspergillus niger CBS 513.88 is transformed with 
recombinant plasmid pFYT3 or pAF 2-2S. Strain Aspergillus 
ficuum NRRL 3135 is transformed with recombinant plasmid 
pFYT3. Strains are producers of phytase in Aspergillus. Phytae is 
prepared by culturing cell-producers of phytase of Aspergillus 
niger or Aspergillus ficuum. Recombinant phytase Aspergillus 
niger is prepared in Aspergillus ficuum NRRL 3135 or Aspergillus 
niger CB 513.88 cells by encoding with DNA-fragment. Phytase 
has the following N-terminal amino acid sequence: Leu-Ala-Val- 
Pro-Ala-Ser-Arg-Asn-Gln-Ser-Ser-Gly-Asp-Thr-Val-Asp. Its 
specific activity is 100 U/mg, pH optimum at 5.5 and temperature 
optimum at 50 C, molecular mass is 85 kDa. Invention can be 
used in microbiological phytase production. EFFECT: improved 
method of phytase production. 10 cl, 13 ex, 36 dwg tblz 
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(57) Abstract: 

FIELD: molecular biology, genetic 
engineering, microbiology, biotechnology. 
SUBSTANCE: invention relates to preparing 
genome DNA fragment and cDNA encoding 
phytase in Aspergillus niger and having the 
definite nucleotide sequences. Recombinant 
plasmid DNA pFYT3 for phytase expression in 
Aspergillus has a size 15,3 thousand base 
pairs and consists of vector PTZ-18 and 
DNA-fragment operatively bound with promoter 
of glucoamylase in Aspergillus niger and has 
gene amds of Aspergillus nidulans as a 
selective marker. Recombinant plasmid DNA 
pAF - 2-2S for phytase expression in 
Aspergillus has a size 13,4 thousand base 
pairs and consists of vector pUC-19 and 
pVU-fragment (size is 6,1 thousand base 
pairs) > The latter has DNA-fragment. Plasmid 
involves gene amds of Aspergillus nidulans 
as a selective marker. Strain Aspergillus 
niger CBS 513.88 is transformed with 
recombinant plasmid pFYT3 or pAF 2-2S. 
Strain Aspergillus ficuum NRRL 3135 is 
transformed with recombinant plasmid pFYT3. 
Strains are producers of phytase in 
Aspergillus. Phytae is prepared by culturing 
cell-producers of phytase of Aspergillus 
niger or Aspergillus ficuum. Recombinant 
phytase Aspergillus niger is prepared in 
Aspergillus ficuum NRRL 3135 or Aspergillus 
niger CB 513.88 cells by encoding with 
DNA-fragment. Phytase has the following 
N-terminal amino acid sequence: 
Leu-Ala-Val-Pro-Ala-Ser-Arg-Asn-Gln-Ser-Ser-G 
ly-Asp-Thr-Val-Asp. Its specific activity is 
100 U/mg, pH optimum at 5.5 and temperature 



optimum at 50 C, molecular mass is 85 kDa. 

Invention can be used in microbiological 

phytase production. EFFECT: improved method 

of phytase production. 10 cl, 13 ex, 36 dwg tbl 
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(57) PecfcepaT: 

l/l3o6pereHMe MOweT 6biTb kicno/ibaoBaHo b 
MMKpo6uoJiorvmecKOM npon3BOACTBe (pma3h\. 
PaspaoaraH skohom mm©ckh peHTa6e.nbHbifl 
cnoco6 npovi3BOflCTBa 4>MTa3bi. flonvMeH 
cf)parMeHT reHOMHOfl flHK n k flHK, KOAnpyjOLi^nx 
4>nTa3y Aspergillus niger m MMeiOLUMX 
onpeAejieHHbie aMMHOKvtcnoTHbie 
nocneAOBarenbHocTM. PeKOM6uHaHTHafl 
rmasMMAHafl flHK p FYT3 Ana scnpeccMH 
cjDHTasbi b Aspergillus WMeeT pasMep 15,3 T.n. 
o. m coctoht M3 BeKTopa PTZ 18 m 0parMeHTa 
flHK, onepaTMBHo cBR3aHHoro c npowiOTopoM 
mioKoaMHJia3bt Aspergillus niger, coflepxcm reH 
amds Aspergillus nidulans b KanecTBe 
cejieKTMBHoro MapKepa. PeKOM6nHaHTHaa 
rina3MMAHafl aHK pAF - 2 - 2 S Ann SKcnpeccnn 
0viTa3bi b Aspergillus uis/ieeT pasMep 13,4 
T.n.o., coctomt H3 Beicropa pUC 19 m pVU II 
cfcparwieHTa, pa3MepoM 6,1 T.n.o. nocneAHnK 
coAep>KMT flHK 0parMeHT. nna3MHAa BKniOMaeT 
reH amds Aspergillus n id u Ions b toMecTBe 
ceneirrnBHoro MapKepa. WTaMM Aspergillus 
niger CBS 513.88 TpaHccfeopMkipoBaH 

peKOM6MHaHTHOH fina3MMAOM pFYT3 win pAF 2 - 

2S. LLlTaMM Aspergillus ficuum NRRL 3135 
TpaHCcfcopMupoBaH peKOM6MHaTHo^ nna3MHAo^ 
pFYT3. LLlTaMMbi RBJiRiOTca npoAytjeHTaMM 
(})MTa3bi Aspergillus. Owaay nonyMaiOT 
KyjibTHBupoBaHneM K/ieTOK-npoAyueHTOB 
cfnTasbi Aspergillus niger nnn Aspergillus 
ficuum. PeKOM6MHaHTHyio tpHTazy Aspergillus 
niger no/iy^aicr b Knenrax Aspergillus ficuum 
NRRL 3135 nnn Aspergillus niger CB 513.88 
KOAnposaHkieM cfeparMeHTOM flHK. <t>ma3a 
niweeT N - KOHL^esyio nocneAOBaTe/ibHOCTb Leu 
Ala Val Pro Ala Ser Arg Asn Gin Ser Gly Asp 



Thr Val Asp, yAenbHyio aKTMBHOCTb 100 eA/Mr, 
omnMyM pH 5,5, TaMnepaTypy 50°C, 
MoneKyjispHyio Maccy 85 Kfl. 9 an. cjwiw, 36 
M/i., 8 ra6n. 

N-KOHi^eBbie aMHHOKMcnoTHbie noc/ieAOBaTenbHOCTM 
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l/l3o6peTeHne othocmtca k 
MUKpoCMonorvmecKOMy npOM3BOACTBy <$>UTa3bi. 

HeaaMeHUMUM a/ieMeHTOM Ana pocTa 
juoooro opraHH3Ma nsnnercn cjxxxfcop. B 
jKMBOTHOBOACTBe Ann o6ecneMeHnn 6biCTporo 

pOCTa XCVIBOTHblX C npOCTbIM HCe/iyAKOM 

(HanpuMep, CBMHefi, pu6bi, AOMaujHefl n™u,bi) 
KopMa o6oramaK>T HeopraHMHecKMM $oc<i>opoM, 
HanpoTUB, b KopMa >KBaHHbIX >kvibothux 
HeopraHMMecKvi^ cjxxxfcop He AOoaanaiOT, tbk 
KaK npvicyTCTByjoiMMe b py6u,e MHKpoopraHM3Mbi 

Bbipa6aTblBaK)T c£epM6HTbJ, KOTOpblG 

KaTdii H3 m py jot npeBpameHMe cpmaia 

(MMOMHOM3MTOnreKCaKV1C-4)OCC|)aTa) B MH03MT0J1 

vi HeopraHvmecKMM (fcoafcaT. 

Omtst npeACTaanneT cocofi pe3epBHbift 

HCTOMHUK 0OC4>Opa npaKTMHeCKM BO BC8X 

nuiMeBbix waiepnanax pacTmenbHoro 
nponcxo>KAeHMR (cm. o63op: cfMTOBaji KucnoTa, 
xmmha vi npaKTHMecKoe ncnonb30BaHne (Phytie 
acid, chemistry and applications, E. Graf 
(ed.), Pilatus Press, Minneapolis, MN, USA, 
1986). 

CoAepxaHkie (pmaia b opexax, 3epHOBbJX, 
6o6oBbix n MacnuHHbix xyxibTypax, cnopax m 
nbi/ibue cocTasnweT 1 - 3%. C/ioxHbie conn 

(pHTOBOft KVIC/IOTbl Ha3blBaVOTCfl CfctfTMHaMM. 

CMMTavoT, hto (JwTOBafl KucnoTa yxyAiuaeT 
nMineBapeHMe, nocxojibxy oHa cjivjkmt xenaTOM 
TaKvix MUHepanbHbix siieMeHTOB, KaK Kanbu,nfl, 

L\HHK, >Ke/ie30 M MarHHfl, H, KDOMe TOrO, MO)KeT 

BCTynaTb b peajajwo c oe/iKaMM, yMeHbwaa, 
TaKMM o6pa30M, 6nonornMecKyio AOCTynHOCTb 
nocneAHVix m BaxHbix MMHepa/ibHbix 

K0Mn0H9HT0B KOpMa. 

CoAepwamuficfl e $viTaTe cf>occ£op 
npoxpAUT nepes >KenyAOHHo-KMUjeHHbifl Tpaia 
xaiBOTHbtx c OAHOKaMepHbiM xenywoM m 

BblBOAMTCfl C 3KCKpe Me HT3M M . XOTfl B TOJICTOM 

KniueMHUKe vi nponcxoAUT HacTHMHbiH rviAponn3 
4>MTaTa, ocBo6o>KAaeMbifl npvi stom 
HeopraHkiMecKviA 0oc<J>op He viMeeT 
cymecTBeHHofl nKTarenbHofl ubhhoctm, 

nOCKOJIbKy OH MOMeT BCaCbJBaTbCfl TOJlbKO B 

tohkom KwueMHMKe. B pesy/ibTaTe Taioie 
xnBOTHwe He Mcnorib3yioT oonbiuoe KonvmecTBo 
4xxx|xDpa, HMeKunero 3HaHMTenbHyK> 
nmaTenbHyio LjeHHOCTb, HecMOTpn Ha era 
npMcyTCTBue b KopMe. 

3KCKpei4Mfl coAep>KaLi;erocn b (pmare 
4>occpopa c 3KCKpeMeHTaMn TaiOKe MMeeT 
vi3BecTHbie nocneACTBvw. Ha npoTaxeHUM 
nocneAHVix AecflTuneTMM 3HaHMTenbH0 B03pocno 

norOHOBbe CefibCKOX03HfiCTBeHHblX )KMBOTHblX. 

OflHOBpe MeH ho yBe/iHHunocb h Konn^ecTBO 
HaB03a, mto cosAaeT yrpo3y mmctotg 
oKpywatomefl cpeAbt B pa3JiviHHbix paitoHax 
3eMHoro luapa. MacTMHHO gto ooycxioBJieHO 
HaKonneHneM coaepwamerocfl b HaBose 
(poccpara b noBepxHocTHbix BOAax, mto b cbovo 
osepeAb, npviBOAViT k 3yTpo4>MKau,vtn boaocmob. 

OepMeHTbi, cnHTeanpyeMwe 
MviKpoopraHkisMaMM m KaTanvi3npytoinne 
npeBpameHHe cfrmaTa b mhosmtoji vi 
HeopraHUMecKM^ cJxxxt>op, whdoko M3Becmbi 
noA H33BaHneM cruras. B nucno 

MMKpOOpraHM3MOB, nDOAyL^MpyiOLi^VIX 3TH 

<t>epMeHTbi, bxoaat TaKne 6aKTepnvi, KaK 
Bacillus subtilis (V.K.Paver and 
V.J.Jagannathan, 1982, J. Bacterid. , 151. 
1102-1108) m Pseudomonas (DJ.Cosgrove, 
1970, Austral. J. Biol. ScL, 23, 
1 207-1 220)jaKVie bmaw APO)ioKeA. KaK 
Saccharomyces cerevisiae (N. R. Nayini and 
P. Markakis, 1984, Lebensmittel Wissenschft 
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und Technologie, 17, 24-26) m Taicvie bmaw 
rpn6oB, K3K Aspergillus Terreus (K. Yamada 
Y. Minoda and S. Yamamoto, 1986, Aprie. 
Biol. Chem. 32, 1275-1282). Gwasy 
npoAyunpyHDT m Apyrne bmabi Aspergillus, cpeAH 
KOTopboc Aspergillus ficuum cviHTe3kipyioT 
4>epMeHT c Hanoonee bwcokom cneu,nc£>MHecKofl 
aKTViBHOCTblO m oojiee BbipaxeHHovl 
TepMOCTa6vinbHocTbvo no cpaBHeHvivo c 
cfinTasaMM Apyrvix MMKpoopraHM3MOB 
(Heony6nnKOBaHHbie AaHHbie). 

HAen AooaonnTb oaKTepnanbHyio ($HTa3y b 

KOpMa HCMBOTHblX C npOCTbIM )KenyAKOM 

BbiCKasuBanacb yxe HeoAHOKpaTHo (cm., 
HanpuMep, Ware J.H., Bluff L. and Shien T. 
R. , 1967, US Patent N 3.297.548; Nelson 
T.S., Shien T.R, Wodzinski R.J. and Ware 
J.H., 1971, J. Nutrition, 101, 1289-1294). 

OAHaKo ao HacTOfliuaro BpeMeHu ee 
npaKTMMecKoe npuMeHeHne npeACTaariRnocb 

3K0H0MMMeCKV1 HepeHTa6eribHbiM M3-3a BblCOKOA 
ctohmocth MviKpo6vionorviHecKoro npon3BOACTBa 
cJjepMeHTOB (Y. W. Han, 1989, Animal Feed 
Set & Technol., 24, 345-350). TaKMM 
oGpasoM, no npMMUHaM 3KOHOMHMecKora 
nop«AKa HeopraHMMecKviH 4xxxfx)p npoAorwcajOT 

BBOA^Tb B KOpMa KMBOTHbDC C OAHOKaMepHbiM 

>KenyAKOM. 

EaKTepuajibHbie c^viTasbi Haxo/^T m APyroe 
npuMeHeHne b xo3flrtcTBeHHo« AenTe/ibHOCTM. B 
KanecTBe npuMepa mojkho ynoMAHyTb npoi^ecc 
npoMbiumeHHoro nonyHeHHfl KpaxMana M3 aepHa 
TaKvix Ky/ibTyp, KaK KyKypy3a m nujeHni^a. 
oepasyvou^necfl b npoL^ecce Cbtporo 
nepeMa/ibiBaHMH npoAyKTbi, b HacTHocTw 
r/ivoTeHbi, nocTynavoT Ha pbtHOK b KanecTBe 

KOpMOB An$1 CenbCKOX035)^CTBeHHbJX )KViBOTHb0C. 

B xoao BbJMaMUBaHun AOoasnflKDT c^masy, 
npviMeM TexHOJiorvmecioie yc/ioBUfl ocooeHHo 
6naronpnflTHbi Anfl rpn6Hboc c})MTa3 
(TeMnepaiypa nopflAKa 50 °C npn pH 5,5) 
(cm., HanpuMep, 3anBxy na EBpone^cKvi^ naTeHT 
0321004 Alko Ltd). BaxHbiM npenMymecTBOM 
onMcaHHoro npoi^ecca nBnneTCfl B03MO)KHocTb 
no/iyMeHHfl H3 otxoaob npon3BOflCTBa >kmbothwx 
kopmob, coAepoKainnx 0oo4)aT BMecro 0viTaTa. 

npeAno>KeHO TaroKe ncnonbsoBaTb c{)HTa3bi 
npn nepepaooTKe con (cM.Finas TM Enzymes by 
Alko - MHctxjpMaijviOHHbtft 6yicneT, Bbinyu^eHHbiR 
KOMnaHueti Alko Ltd., Rajamaki, OnHJiflHAMfl). 
CoeBbie 6o6bi coAepxoT ooribujoe KonviHecTBO 
4)HTaia - 0aKTOpa ( yxyAUjavou4ero 
nnu^eBapeHne, KOTopbiR Ae/iaeT oe/iKVi 
HenpnroAHbJMM Ann Mcno/ib30BaHMfl b npoAyKTax 
AeTCKora n^TaHUfl, a Tarae b KopMax pu6, 
Te/iflT m He>KBaMHbix >KviBOTHbrx. Ooorau^eHne 

3TOPO BaJKHOrO MCTOMHMKa oenxoB 

cooTBeTCTByMDu^MMn <£epMeHTaMH noBbiujaeT 
KOMMepnecKyjo n numeByvo i^eHHocTb ototo 
MaTepnaJia. 

npoBeAeHbi viccneAOBaHkin c u^e/ibvo 6onee 

nOAD06HOM XapaKTepMCTHKM pa3JlMHHbDC 4)MTa3 M 

coBepujeHCTBOBSHVin cnocoooB mx nonyneHMfl m 
npaKTMMecKoro Mcnonb30BaHM«. Ullah 
npeAno)KMji motoa ommctkm 0MTa3bi us A"Koro 
LUTaMMa Aspergillus ficuum, a Tatoxe n3yMnn 
p«A 6noxnMMHecKMX napaMeTDOB KOHeMHoro 
npoAyiaa TaKofl ommctkm (Ullah A., 1988a. 
Preparative Biochem, 18, 443-438). 
JlonyHeHHbie stmm bbtodom AaHHbie 
npMBOAflTcn b Ta6ji. 1 . 

AMMHOKMcnoTHan nocneAOBaTejibHOCTb N - 
KOHu,eBora o>parMeHTa qbMTasbi A.ficuum 6bi/ia 
npeACTaaneHa Ullah ABdJKAbi: Ullah A., 1987, 
Enzyme and Engineering Conference IX, 
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October 4-6, 1987, Santa Barbara, California 
(poster presentation) m Ullah A., 1988b, 
Prep. Biochem., 18, 459-471. 

riOCneAOBaTe/lbHOCTb aMMHOKMCnOTHblX 
OCTaTKOB, paCUJU$pOBaHHa& 3TMM aBTODOM, 

noica3aHa Ha 0ur.1 (nocneflOBaTe/ibHocrb E). 

H3 nonyMeHHbJX Ullah AaHHtdx cneflytOT 
HecKOiibKO MHTepecHbix BbiBOAOB. npe)KAe 
Bcero, "OHMineHHbivi" npenapaT, onucaHHbm mm b 
1988a ki 1988b, npn sneicrpocfcopese b 
nonnaKpurtaMHAHOM rene b npucyTCTBuw 
AOAeUHn-cynwfcaTa HaTpwn fla&an abb 
6e/JKOBbie nojiocw. HaiwiM ycTaHOBneHO, mto 
OMMiMeHHafl H3 A.ficuum <t>ma3a coAepKMT 
nocTopoHHM« MaTepnan, KOTopwfi h AaeT npn 
9jieKTpocjX)pe3e b nonnaKpunaMHAHOM rene 
OAHy M3 nonoc, KOTopyio Ullah 
HAeHTM$>uu,MpoBan kbk fymazy. 

AHanornMHoe 3aKntoMeHne mokho CAenaTb 
Ha ocHOBaHMM aHann3a aMMHOKUcnoTHbJx 
nocneAOBaTeribHOCTeK, ony6nnKOBaHHbix Ullah 
(1987, 1988b; cpaBHwe nocneAOBaTenbHOCTw A 
h B c nocneAOBaTexibHOCTbio C Ha (£nr.1). Mbi 
noKa3ann, mto OAHa M3 aMMHOKMcnoTHbix 
nocneAOBaTejibHOCTe^ BHyTpeHHUx nenrnAOB 
4>krra3bi, onkicaHHbix Ullah (CM.pucyHOK 1B, 
nocneAOBaTenbHOCTb E), Ha caMOM pjene 
npeACTaanaeT co6o& nocTopoHHkiH 6enoK c 
MoxiexynHpHOfl Maccofl 100 Kfla (4>Mr.3), 
KOTopwfl npucyTCTByeT b MaTepviane, 
nonyMaeMOM no MeTOAy Ullah, h AaeT OAHy M3 
AByx nonoc npn 3neKTpo0ope3e a 
nonnaKpunaMHAHOM rene b npMcyTCTBMM 
AOAei^nn-cynb^aTa HaTpun (Ullah, 1968a, 
1968b). Ullah He npusHaeT HanMMvm TaKoro 
3arp^3Hfliou^ero Maiepnana v\ cMMTaeT, mto 
ytcasaHHaa nonoca npeACTaanneT co6oH Apyryto 
4>opMy o^MTasw. Me>KAy tgm stot nOCTOpOHHUfl 
KOMnoHeHT aaTpyAHfleT OTfcop m 

MAeHTMC^HKai^MK) MM6HH0 TOfl HyKneOTMAHOft 

nocneAOBaTenbHOCTW, KOTopaa KOAnpyeT 
6nocnHTe3 Q>rra3bi. Kpovie Toro, era 
npvicyTCTBMe CHMwaeT yAe/ibHyto aKTMBHocTb 
TecTHpyeMoro 6enKa. 

npoAonxaw aHaxiM3 AaHHbix Ullah, cneAyeT 

OTMeTHTb, MTO aMMHOKMCnOTHblfl OCTaTOK B 

nonoKeHMM 12 6bin wAeHTMcfcuuiMpOBaH 3tmm 

aBTODOM K3K mML^MH. Mcnonb3yfl MeTOAHKy 

ceKBeHMpoBaHMfl oexiKOB m flHK, Mbi noKa3a/iki, 
mto B 3TOM nonoweHMH Ha caMOM A^ne 
npucyTCTByeT He rnnu,HH, a u,ucTenH (cm. 
4>ur.11-17 m 19-20). 

HaKOHeu, no MHeHWO Ullah, cJwTasa 
npeACTaanaeT co6o& 6enoK c MOJieKynapHofl 
MaccoR 85 Kfla, KOTopaa nocne 
mHK03kUikipOBaH^ yMeHbiuaeTCfl ao 61,7 Kfla 
(Ullah, 1988 b). 9Ta se/iMMHHa 3HaMHTenbHO 
hm)K6 paHee npuBOAMBiueMcn TeM we aBTODOM - 
76 Kfla (Ullah A. and Gibson D., 1988, Prep. 
Biochem. 17 (1), 63 - 9 1) M 6btna paccMMTaHa 
Ha ocHoaaHMn oTHocMTexibHoro KonuMecTBa 
yrnesoAOB, BbiAenaioLnuxcfl npn ruAPonnae, n 
MoneKynflpHofi Maccu HaTMBHoro oenKa, 
KOTopyio onpeAeriHJivi nocpeACTBOM 
sneicpocfeopesa b nonnaKpunaMHAHOM rene b 
npucyTCTBun AOAeu.wn-cyiwt' 318 HaTpuw. 
Oah3ko HaujM nccneAOBaHMfl noKa3a/ivi, mto 
mHK03MJikipoBaHHafl fymaza OAHOSHaMHO MMeeT 
MonexyjiflpHyio waccy 85 Kfla, TorAa xax y 
AemnK03M/inpoBaHHoro 6enxa OHa Ko/ie6/ieTCfl 
b A^ana30He ot 48 AO 56,5 Kfla, b 3aBMCHMOCTH 
ot creneHM Aer/inK03nnnpoBaHHfl. 

B coo6u^eHnn Mullaney et al. (Filamentous 
Fungi Conference, April 1987, Pacific Grove, 
California (poster presentation) Taicxce 
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npviBOAMTCfl xapaKTepwcTHKa qbnTasu H3 
A.ficuum. H b stom MCcneAOBaHMM npn 
3jieKTpoqbope3e b norma KpwiaMHAHOM rene c 
AOAei^w/i-cynbqbaTOM HaTpnw 6binn nonvMeHbi 
ABe 6eiixoBbie nonocbi, OAHa c MoneKynnpHoA 
MaccoR 85 Kfla, a Apyraw c Maccoft 100 Kfla - 
o6e c "oMnu^eHHbiM" oeriKOBbiM MaTepnanoM. 
Abtopu HAeHTn4)Mi4MpoBa/iM o6e nonocbi b 
KaMecTBe paanviMHbix qSopM qb^TaabJ. OAHaKO, b 
coo6iqeHHM He on^CbiaaeTcsi cnoco6 
TpaHcqbopMauMM 6aKTepnanbHbix KneTOK - 

X03fl6B. OnHCaHUe MeTOAOB KJIOHMpOBaHMA M 

BbiAeneHMH nocneAOBaTeribHocTM flHK, 
KOAnpyiou4efi 4>MTa3y, Ta»Ke OTcyTCTByeT. 

OMeBMAHO, MTO pa3pa6bTKa 3KOHOMMMeCKM 

peHTaoenbHoro cnocooa npon3BOACTBa cjDMTa3bi 
MMexia 6bi 6o/ibiiJoe 3HaMeHMe, b MacTHOCTM, npa 
npoMbiULUieHHOM nonyMeHMn kopmob Ann 

)KMBOTHOBOACTBa. OAHMM M3 nyTeR AOCTHXeHMfl 

3toH t4ejiM wanneTCfl ncnonbaoBaHne 

DeKOM6HHaHTHOR flHK - MeTOAMKU, c nOMOU^bK) 

kotodoR mojkho ycufinTb 3KcnpeccMK) c))epMeHTa 
b paannMHbix BMAax MUKpoopraHMSMOB, 
npoAyunpy»ou4vix Bbicotco aKTMBHbie nenTMAw n 
6ejiKM. OAHaKO b Hacroflu;ee BpeMn Hen3BecTHbt 
cnoco6bi BbJAe/ieHbin m KnoHnpoBaHMA 
nocneAOBaTexibHOCTeR flHK, KOAnpyioinnx 

6H0CMHTe3 (|>HTa3bl. 

l/l3o6peTeHne othocmtca k cnoco6y 
nonyMeHMfl m omuctkm nocneAOBaTeribHocTM 
flHK, KOAnpywu^eR o>MTa3y. BbiAeneHMe n 
K/iOHMDOBaHMe TaKoR nocneAOBaTeribHocTM 
ocymecTBJiRnocb c noMou^bio cneunq^nMecKvix 
HyxneoTkiAHbix 30haob, KOTopwe 6buin 
paspacoTaHbi cneL\nanbHo Ann u,ene& 
HacTonu^ero naoGpeTeHMfl. Tpe6yeMa« 
nocneAOBaTenbHOCTb flHK, KOAMpyioujafl 
qbnTaay , 6btna nonyneHa M3 rpn6oa, b MacTHOCTM 
M3 HMTMaTbix rpn6oB poAa Aspergillus. 

flpyrviM npeAMeTOM M3o6peTeHnn flanneTCfl 
cnoco6 nonyMeHUfl Beicropa, coAep)Kau4ero 

C|>aKTOp 3KCnpeCCMM, KOTOpblR B CBOK) OMepeAb 

BKnKDMaeT no MeHbUjeR Mepe OAHy pennviKy no 
KpaRHeR Mepe qahoR (xcenaTenbHO 
roMonorviMHoR) flHK, KOAnpyKDU^eR o>MTa3y. 
TaKafl nocneAOBaTenbHOCTb flHK 
o>yHKUMOHanbHo cBnaaHa c cooTBeTCTByioiAefl 
perynnTopHoR o6nacTb»o, ooecneHMBarau^efl 
BbicoKufl ypoBeHb SKcnpeccnn nenTMAOB unn 

OGJIKOB C 0>MTa3HOR aKTMBHOCTbK) b noAXOAnu^HX 

Ann 3ToR L^enn Knencax - xoaaeBax. 

Oaiaop 3KcnpecckiM cornacHo HacTonu^eMy 

M306peTeHHK) MO)K6T 6blTb BBeABH B BeKTOp, 

npeAnoMTHTenbHO nna3MHAy, cnoco6HbiR 
TpaHc4>opMnpoBaTb 6aKTepnanbHbie KneTKM - 
xo3fleBa m BHeApnTbcn b reHOM. 

Eu4e oamh npeAMeT HacToniAero 
M3o6peTeHM« - cnoco6 nonyMeHMn 
TpaHc4»pMMpoBaHHoR KneTKM, xenaTenbHo 
6aKTepnanbHOfl, KOTopan npeTepnesaeT 
n3MeHeHM« noA BoaAeRcTBueM BexTopa, 
onkicaHHoro b npeAUjecTBytoiAeM naparpao>e. 
CornacHo M3o6peTeHMfo t3kmmh 

TpaHC0OpMHpOB3HHblMM KneTIOMM MOP/T 

cny>KMTb HUTMaTbie rpn6bi doaob Aspergillus, 
Trichoderma, Mucor m Penicillium apoj*okm 
doaob Kluyveromyces n Saccaromyces nnn 
oaiaepnn poAa Bacillus. Hauconee 
npeAnoMTMTenbHO ncnonb30BaHne b KanecTBe 
KneTOK - xo3fleB HMTMaTbix rpnooB poAa 
Aspergillus. TpaHco>opMMpoBaHHbie KneTKM 

CnOC06Hbl CMHTe3MpOB3Tb OOnblUMe KOHMMeCTBa 
peKOM6nH3HTHOR C()MTa3bl B npOMbiujneHHOM 

MaciUTaoe h npM AccTaTOM hom ypoBHe 

OKOHOMMHeCKOM peHTa6enbHCCTM. 
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Apyrwe acneKTbi M3o6peTeHMfl OTHOCflTca k 
peKOM6MHaHTHbiM beniraM n nenTMAaM, KOTopwe 
o6naAaK)T (pmamoft aKTMBHOCTbK) kbk b 

mHK03HnVipOBaHHOR, TSK M B 

HemnK03nnvipoBaHHofl 0opMe; k cnoco6y 
no/iyMeHUfl TaKMX HemviKoannvipoBaHHbix 6emoB 
n nenTMAOB; k 6eriKaM u nemnAaM c $vrra3Hofl 

aKTMBHOCTbK), CBOOOAHbIM OT nOCTODOHHMX 

npuMeceR; k MOHOKnoHanbHbiM aHTMTenaM, 
pearwpyioinMM c othmw peKOM6nHaHTHbiMn nnn 

OHHmeHHbIMM 6eJ1KaMH. 

B Ta6n. 1 npkiB6A6Hbi cpaBHMTenbHue 
6noxnMkiMecKne xapaiaepucTHKn Q>MTa3bi, 
no/iyMeHHofl Ullah H3 ahkopo niTaMMa A.ficuum, 
h Aono/iHMTeribHO OMMineHHOfl c^maabi na 
A.ficuum A^Koro mna, nonyMeHHofl comacHo 
HacToameMy M3o6peTeHMio. C/ieflyeT o6paTHTb 
ococoe BHUMawne Ha AaHHbie 06 yflenbHoft 

aKTMBHOCTH, KOTOpbie CB H^eT efl bCTBy IOT O TOM, 

mto y no/iyMeHHoro nawin o>epMeHTa OHa b Asa 
pa3a Bbiuje, mom y cfcHTasbi, onucaHHoft Ullah. 

HacTOflujee M3o6peTeHne othocmtca TaioKe k 
HyKneoTWAHOM nocneflOBaTenbHocTM, 
KOAMpyioujefi 6eiiKM c o>MTa3Hotf aKTHBHOCTbio, a 

TaiOKe K aMMHOKMCnOTHblM 

nocneAosaTenbHOCTflM t3kmx oemoB. 
nonyMeHHbie nocneAOBaTenbHOCTM mo>kho 
ncnorib30BaTb Ana paapa6oTKn 

OJlHrOHyKneOTMAHbDC 3OHA0B, KOTOpbie B CBOK) 

oMepeAb npuMeHAioTCfl b rw6pMAM3au>ioHHbix 
CKpuHUHroBWX nccneAOBaHnax c u,enbio 
viAeHTMcfinKauMM tghob o>MTa3bi M3 APyrux 

HCTOHHMKOB, OC05eHHO H3 pa3JlMMHb!X BMAOB 

MUKpoopraHMSMOB, KOTOpwe b nocneAyiou^eM 
Moryr 6biTb BbiAeneHbt m KnoHnpoBaHbi. 

nocneAOBaTenbHOCTM, nonyviaeMbie 
cornacHO HacTOfimeMy M3o6peTeHMio, mo>kho 
ucnojib30BaTb b KanecTBe hcxoahux 
MaiepnanoB Ann KOHCTpynpoBaHns (pwraz 
"BToporo noKoneHMfl". OnTaaw "BTOporo 
noKoneHMfl" - sto $MTazb\, M3MeHeHHbie noA 
BOSfleMCTBueM MyTareHHbix cpaKTopOB (b 
MacTHocTM, MeTOAOM HanpaBiieHHoro 
MyTareHeaa) m o6nafla»OLune cBoflcTBaMM, 

KOTOpbie OTTIMMaiOTCH OT CBOMCTB $MTa3 A^KOrO 

™na nnn peKOM6kiHaHTHbix Q>MTa3, Hanpwwep, 
nonyMaeMbJx corxiacHO HacToameMy 
M3o6peTeHMK). flna onTMMM3aunM Toro nnn HHoro 
npoqecca MSMeHfliOT TaKne ero napaMeTpu, KaK 
TewinepaTypa m onTHMaxibHafl BennMUHa pH, 
yAejibHaa aKTMBHOCTb 6emoB wim cdoactbo 
cyocTpaTOB. 

npHMeHHTeribHO K ASHHOMy H306p6T6HMK) 

noHATue cf)MTa3a oxBaTbiBaeT ceMeficTBO 
c^epMeHTOB, KOTOpbie KaTann3npyjoT peaio^nn, 
HanpaaneHHwe Ha yAaneHkie HeopraHMwecKoro 
<$oo$opa H3 pasHoo6pa3Hb4x 

M MOM H03 MTOJl<t>OC4)aTOB . 

flnfl onpeAeneHMfl aKTMBHOCTH o>MTa3bi 
cymecTByeT mhoto cnoco6oB, Bbibop KOTopwx 
He nuMMTMpyeTCfl HacTOflm,MM M3o6peTeHMeM. B 
nopflAKe MJUDOCTpaijuu mojkho OTMeTHTb cnoco6 
KOJiMMecTBeHHoro onpeAeneHMfl aKTMBHOCTM 
0>epMeHTa no ero pacxoAy Ha oc bo 5o>KA6 Hue 
HeopraHnnecKoro cf)oco>opa M3 1 ,5 mM o>HTaTa 
HaTpMfl co CKopocTbio 1 MKMO/ib/MHH npn 37 °C 
m pH 5,50. 

CneAyeT TaioKe kiweTb b BMAy. hto TepMMH 
"c^MTasa", ynoTpe6rifleMbJ^ b tokcto »acro^u\e^ 
cnei4n4)HKaL^Mn, othocmtca ko BceM denxaM m 
nenTHAaM, oonaAaionjkiM cfiMTa3Ho^ 
aKTMBHOCTbK). 3to nojioKeHne unn KDCTpMpyeTCfl 

4>W\1, H8 KOTODOM COnOCTaBJ15lK)TCfl 

nocneAOBaTenbHOCTM A m B 
(nocneAOBaTenbHOCTM, nonyMeHHbie b xoa© 
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HacToamero MCcneAOBaHMfl) c 
nocneAOBaTenbHOCTbK) C, nonyneHHofl Ullah 
(1988b). <t>ur.1 noKa3b)BaeT, mto c noMOujbio 
Haiuero MeTOAa mojkho nonyMMTb 6enKH, a 
KOTopbix OTcyTCTByiOT nepBue 4 

aMMHOKMCnOTHbie OCTaTKa HaTMBHOW 0>MTa3bl 

A.ficuum (6enoK c nocneAOBaTenbHOCTbK) A He 

MMeeT nepBbJX 7 aMMHOKMCnOTHblX OCTaTKOB). 

YKa3aHHbie oemoi coxpaHntoT TeM He MeHee 

0))MTa3Hyi0 aKTMBHOCTb. ("lonHafl 

aMMHOKMcnoTHan nocneAOBaTenbHocTb oenica 
cfinrasbi, nony^eHHaji Ha oohob3hmm 
peaynbTaTOB aHanMaa cooTBeTCTByioujefl 
HyKneoTMAHoO nocneAOBaTenbHOCTM, noKa3aHa 
Ha <}>mi\ 19-20. 

4>MTa3bi, nonyMaeMbie no npeAnaraeMOMy 
cnoco6y, MoryT McnonbaoBaTbCft b caMbix 
pa3Hoo6pa3Hbix npoL^eccax, Tpe6yiou\MX 
npeBpau^eHMfl c^MTaTa b MH03MTon m 

HBOpra H MMGCKMM CjDOCqbOp. 

B MacTHocTM, nonyneHMe o>MTa3bi comacHo 
HacTonu^eMy M3o6peTeHM»o noaBonneT CHM3MTb 
CTOMMOCTb ee npoMbiujneHHoro 

MMKpo6MonorvmecKoro npoM3BOACTBa m 
o6ecneHMTb aKOHOMMnecKyio peHTaoenbHocTb 
nocneAHero npM nsroTOBneHMM kopmob Ann 

}KMBOTHblX, a B K0H9MH0M CH6T6 A06MTbCfl TaKOfO 
Ke COOTH 0 LlieH Mft 3arpaT M S^X^eKTMBHOCTM 

McnonbsosaHMfl kopmob, KaK b cnynae 
npMMeHeHMfl AOoaBOK HeopraHMHecKoro 
o>oco>aTa. KpoMe Toro, 3HaHMTenbHO chmsmtca 
coflepxaHMe qbocqbopa b HaB03e. 

(lonyMeHMe cJJMTaa no ueHaM, conocraBMMbiM 
c L^eHaMM HeopraHMHecKoro qbocqbaTa, 

DaCUJMpMT B03M0XH0CTM npOMblLimeHHOCTM 

KopMOMaTepManoB b cMbicne yBenMMeHMn 

aCCOpTMMeHTa BblCOKOKaHeCTBeHHbtX KOpMOB. 

HanpMMep, oooraiueHMe kopmob ct)MTa30^ 
no3BonaeT oTKasaTbcn ot AooaBOK 
HeopraHMHecKoro <£occf>aTa m noBbiCMTb b hmx 
Aonio 4)MTaTcx»Aep>Kau4ero MaTepnana. 

noMMMo Mcnonb30BaHM» nonysaeMoft 
comacHo HacTonu^eMy M3o6peTeHMK> o>MTa3b! b 
KanecTBe Ao6aBKM k KopMaM >KMBOTHbix m npM 
nepepaooTKe com (cm. Bbiuue), OHa mojkot Ha^TM 
npMMeHeHMe b cneAyiou^Mx oTpacnnx 
npoMbiujneHHocTM: 

- npOM3BOACTBO )KMAKMX KOpMOB Ann CBMHePt 

m AOMauJHeR nTMUbi. B HacTOflujee BpeMn 
uJMDOKoe pacnpccTpaHeHMe nonyMnna npaKTMKa 
saMaHMBaHMfl kopmob 3a HecKonbKO nacoB ao 
CKapMnMBaHMn ^kmbothum. Ha npoTswceHMM 
OToro nepMOAa o>MTa3a npeBpamaeT 0mt3T b 
MH03MTon h HeopraHMHecKMM 0oc4>aT; 

- npoMbJumeHHoe npoM3BOACTBO MH03MTona 

MflM MH03MT0n(})0C4>aT0B M3 (}) MT3T8 \ 

- APyrMe npoMbiujneHHbie npoi^eccbi c 
Mcnonb30BaHneM 4>MTaTCOAep>Kai4MX 
cyocTpaTOB, TaKMe KaK npoM3BOACTBO KpaxMana 
m cf)epMe HTa l^m w , BKniOHafl n m BOBa pen mo . 
XenMpoBaHMe MeTannMMecKMX mohob qJ)mt3tom 
mo>k6t QAenaTb mx HeAOCTynHbiMM Ann 
MMKpoopraHM3MOB. OepMeHTaTMBHbi^ rviAponM3 
cJ)MT3Ta ycrpaHfleT 3Ty npo6neMy. 

3tm m APyrMe npeAMeTbi m npeMMyu^ecTBa 
HacTonu4ero M3o6peTeHVin en\e 6onee oneBMAHbi 
M3 cneAyiou^ero HMKe noApo6Horo ero 
onMcaHMR. 

Ha G>Mr. 1 npeACTaBneHa N-KOHi^eaafl 
aMMHOKMcnoTHan nocneAOBaTenbHocTb 

OHMlAeHHOfl 0>MTa3bl. AMMHOKMCnOTHbie 

nocneAOBaTenbHOCTM, o6o3HaneH h we 6yKB3MM 
A m B, nonyMeHbi b xoab HacTOJimero 
MccneAOBaHM5i c Mcnonb30BaHMeM noA4>opM 

CfDMTaSbl C M303neKTpMHeCKMMM TOHKaMM 
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cooTBeTCTBGHHo 5,2 m 5,4. nocneAOBaTenbHocTb 
C npuBOAMTCfl no ny6nnKau,HHM Ullah (1987, 
1938b, supra). ComacHO HawHM AaHHbiM 

aMMHOKUCnOTHblfl OCTaTOK b nonorceHHH 12 

nocneAOBaTejibHocTe^ A m B He RanfleTca 

OlHUyiHOM (3H8K * 03HaM38T COMHMT6J!bHyiO 
^8HTMC}3HKai^MK), a 3H8K ** 0TCyTCTBM8 

onpeAenaeMoro ocTaTKa); Ha c£nr.2 
npeACTaaneHa N-KOHtjeBafl 
ncxneAOBaTenbHocTb BHyTpeHHux o)parMeHTOB 
cf>MTa3bJ nocne pacmenneHua CNBr. 
AMMHOKvicnoTHbie nocneAOBaTeJibHOCTM, 
o6o3HaMeHHb<e 6yxBaMn A n B, c 
npn6nn3iiTeribHbiMH MoneKynapHUMH MaccaMM 
cooTB8TCTBeHHO 2,5 m 36 Kfla nonyMeHU b xoAe 
HacTowiAero nccneAOBaHHfl. 
nocneAOBaTejibHocTki C m E ashu no Ullah 
(1988 b, supra); Ha o>nr.3 - N-KOHU J eBafl 
aMMHOKUcnoTHaa nocneAOBaTenbHocTb oenica c 
MoneKynnpHofl Maccofi 100 Kfla, KOTopufl no 
AaHHbiM HacTonu^ero nccneAOBaHi/m 
npwcyTCTByeT b HeoHMineHHux npenapaiax 
4)HTa3bi; Ha cfeur. 4,5 - ojwoHyicneoTHAHbie 

30HAbJ, CKOHCTpynpOBaHHbie Ha OCHOBaHMM 

AaHHUX o>ir.1 {nemwAtJ A - E); Ha cf)nr.6,7 - 

OJlMrOHyKneOTHAHbie 30HAbl, 

cKOHCTpynpoBaHHbie Ha ocHOBaHMM AanHbix 
c|)Mr.2 (nemkiAbi A h B); Ha o>nr.8 - 
onuroHyKneoTMAHbie sohu, wcnonb30BaBWkiecfl 
Ann BbiAeJieHMn re Ha, KOAMpyioiijero KucnyK) 
<})OCG>aTa3y; Ha <pnr. 9 - pecTpnKu,noHHafl KapTa 
6aKTepnoc^ara r\m6fta AF 201 , coAepwamero 
noKyc c{)HTa3w A.ficuum. CTpema noica3biBaeT 
nono>KeHne reHa <$MTa3bi m HanpaaneHne 
TpaHCKpnni4MM. Ktioh # yKa3biBaeT cy6icnoHbi, 
nonyMeHHbie c noMOUjbio yKasaHHbix 
pecTpMjquoHHbJX 0epMeHTOB M3 cpara AF201 B 
pAN 8-1 (Anfl pAF 28-1) m b pUC 19 (aha bcgx 
Apyrvix cy6KnoHOB); na (fur. 10 - o>n3HHecKafl 
icapTa pAF 1-1. OparMeHT Bam HI ahmho^ b 10 
KWlOOCHOBaHklR, BHeAPeHHbtR b pUC19, 
coAepxcuT no/iHbiPi reH, Kopyipy\o\ixiAw KHcnyio 
<Jxxxf)aTa3y A.ficuum; na o>wM1-17 
npeACTaaneHbJ HyKneoTMAHue 
nocneAOBaTeribHOCTM nna3MMA pAF 2-3, pAF 
2-6 w pAF 2-7, BKniOHaKDU4Me xpoMocoMHbie 
reHHwe noKyctrf $nTa3bJ. KoAupytoiMaa dpuiazy 
o6nacTb noKann3yeTCfl Me>KAy HyKneoTUAawiM b 
nonoweHMHX 210 m 1713. Hhtdoh pasMemaeTCfl 

B XDOMOCOMHOM teHO Me>KAy HyKnGOTHflaMM 254 

vi 355. DoKasaHb) TaioKe Apyn/ie cymecTBeHHbie 
npM3HaKn: HanaiibHufl n KOHenHbifi koaohu 
(pvna3b\, pecTpMKUMOHHbie ynacTKM m nonoKeHMe 
HHTpoHa; Ha cfwr. 18 npeACTaaneHa noApo6Hafl 
(pmmecKan KapTa ceKBeHMDOBaHHoro 
xpoMocoMHoro noKyca cfcHTasbi. CTpenKW 
noKa3WBa»0T noKann3aL\nio AByx siqohob 
o6nacTM, KOAnpyioi^eM c^masy; Ha o>ir.19,20 - 
HyicneoTMAHafl nocneAOBaTenbHocTb 
TpaHcnflu,noHHoB 3ohw <J>parMeHTa KflHK 
4)MTa3bJ m BbiBeAeHHan M3 Hee 
nocneAOBaTenbHocTb aMMHOKwcnoTHbix 
ocTaTKOB b MoneKy/ie <|)HTa3bi. Hanaro spenofl 
MoneKy/ibi oema ooosHaneHo KaK nonoweHkie 
+1. N-KOHei4 BHyTpeHHero oenKa c 
MoneKy/iflpHO^ Maccofl 36 Kfla HaxoAUTca b 
nojio)KeHMM 241, TorAa KaK 6enoK c 
MoneKynnpHoA Maccoft 2,5 Kfla HaMMHaeicn a 
nojioweHMM 390; Ha cJ)Mr.21 - c|)H3MMecKan KapTa 
6noKa 3KcnpeccHM cf)HTa3t>i pAF 2-2S. CTpenKM 
yKa3biBaioT HanpaBneHne TpaHCKpunuMM reHOB; 
Ha <t)nr.22.23 - AOKa3aTenbCTBO 
ceepxaKcnpeccMM cjDHTasw B 

TpaHC0opMMpoBaHHbix tcneTKax A.ficuum NRRL 
3135 MeTOAaMH M303neKTpc<£oKycnpoBKii n 
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3neKTpo$ope3a b nonnaKpmiaMHAHOM rene. 
PaBHbie o6"beMbi KynbTypaiibHOVI jkhqkoctm A. 
ficuum (nojioca ) m TpaHc^opMnpoeaHHbix 
KneTOK pAF 2-2S SP7 (nonoca 2), 

BbdpaiMMBaBUJMXCfl B OAMHaKOBbDC yCJlOBHRX, 

aHann3npoBa/iM b cmctoms Phast (Framacta) 

MBTOAaMM 3JieKTDOV1304>OKyaipOBKM H 

sneKTpoctxDpesa b nonnaKpunaMHAHOM rene npn 
pH ot 4,5 ao 6.0. Ann cpaBHeHun 
aHannanpoBann oCpasei^ 0^Ta3bi a.ficuum, 
oHMLAeHHOfl ao roMoreHHoro cocTOflHkin, nnoo 
oTAenbHo (no/ioca 4), nn6o b cmbcvi c 
KyribTypanbHoi* jKMAKOCTbio (nonoca 3). Fern 
OKpaujuBa/in win Ha (pcxxpaTazy, kbk onvicaHO b 
TeKcre (A), wnn Ha o6mwfl oenox (KyMaccn 
6pnnnnaHTOBbifl cmhhvI, B). nonocw, 
cooTBeTCTsyK)U4uie cpnrase, ooosHaneHw 
3Be3AOMKaMM; Ha cpur. 24,25 npeACTaeneHO 
AOKa3aTenbCTBO cBepx3Kcnpeccnn 4»viTa3bi b 
TpaHcxt>opMnpoBaHHbJx KneTKax A.niger CBS 

513.88 MeTOAaMM H303/ieKTpc4XDKyCVipOBKVI M 

3/ieKTpoctxDpe3a b nonnaKpunaMMAHOM rene. 
PaBHbie o&beMbi KynbTypanbHoA kmakocth 
poAviTenbCKoro urraMMa A.niger (nonoca 1) nnn 
TpaHcc|)opMkipoBaHHbO( KneTOK pAF - 2-2S # 8 
(nonoca 2) pFYT3 # 205 (nonoca 3) m # 282 
(nonoca 4) aHann3npoBann MeTOAaMn 
ki303netapoc|xDKycvipoBKH n 3neKTpoo>ope3a b 
nonnaKpunaMHAHOM rene, KaK onucaHO b 
noAnvicvi k cftnr.22,23. renn OKpaujuBanvi nnoo 
Ha o6u^y»o cfxDcc^TasHyio aKTMBHOCTb (A), nn6o 
Ha o6iu,mH 6enoK (B). flonocbi, 
cooTBeTCTByioiAMe (pmade, ooo3HaM6Hbi 
3Be3AOHKaMn; Ha <pnr. 26 npeACTaBneHa 
4>M3HHecKap KapTa pAB 6-1 . BcTaBxa flHK Hind 
III AnnHOM 14,5 KtmoocHOBaHMfl b pUC19 
coAep)KviT nonHbiA noxyc mjoKoaMnnasbi M3 
A.niger (AG); na 4)nr.27 a^ho cxeMaTMHecKoe 
M3o6paxeHne nonviMepasHovl LjenHoR pea»qviH 
An^ cnnflHMfl npoMOTOpa AG m reHa cJ)HTa3bi. 
llocneAOBaTenbHocTM bcgx onkiroHyicneoTiiAHbix 
3aTpaBOK npuBeAeHbi b TeKcre; na 4>kir.28 
npeACTaBneHa tyuzmecKan KapTa 6noxa 
SKcnpeccMM <pvaatib\ PAF 2-2S H; Ha 4>nr.29-31 - 
(puzmecKan KapTa npOMe)K/TOHHbix 6noKOB 
SKcnpeccviM cpMTasbi pXXFYTI m PXXFYT2 m 
6noKa pXXFYT3, b Koropbix XX - nMAwpyiomafl 
nocneAOBaTenbHocTb (L). B p18FYT# m p 
24FYT# BKnioMeHbJ cooTBeTCTBeHHO 
nuAnpyiOLMne nocneAOBaTenbHOCTM AG 18 aa u 
24 aa, TorAa icax b pFYT# b KanecTBe nviAepa 
Mcnonb30BaHa cpmaza; Ha <pur.32 • <$n3HMecKaa 
KapTa nna3MMAbi pFYT3 Qmds; Ha <})Mr.33 - 
Q>M3kiHecKafl KapTa nnasMMAtd pFYT3INT; Ha 
cfinr.34 - 4)H3nnecKafl KapTa 3aMeu4aiou^ero 
Beicropa pREPFYT3 4>MTa3bi /AG; na <t)nr.35,36 - 
ayTopaAHorpaMMbi xdomocomhoK flHK, nocne 
nepeBapMBaHUfl pVU II (A) m Bam HI (B) m 

nyi6pMAM3ai^MM c weMeHHofl ^P KflHK <|)MTa3bi 

A. ficuum, b KanecTBe 30HAa cneAyiou^nx 
MMKpoopraHM3MOB: S.cerevisiae (nonoca 2), 

B. subtilis (nonoca 3), K.lactis (nonoca 4), 
P.crysogenus (nonoca 5), P.aeruginosa 
(nonoca 6), S.lividans (nonoca 7), A.niger, 
1 MKT (nonoca 8), A.niger, 5 mkt (nonoca 9), 
KOHTponb (nonoca 10), C.thermocellum (nonoca 
11). nonoca 1 - MapKepHaw flHK. 

KnoHMpoBaHue reHOB, koahdykjihux 
onpeAeneHHbie 6enKM, KOTopwe npoAymipyfOTcn 

TeM unM MHbIM MUKDOOpraHHSMOM, M0X6T 

ocyu^ecTBnflTbCfl pasnMHHbiMM cnocooaMM. 
Oamh M3 hux cocTOMT B OMHCTK6 Tpe6yeMoro 
6enKa, nocneAyiou^ero onpeAeneHMfl ero 

N-KOHU,eBOU aMHHOKViCnOTHOM 

nocneAOBaTenbHocTM m cKpuHMHra reHOMHofl 
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6n&nnoTeKM AaHHoro MMxpoopraHvi3Ma c 
Mcnonb30BaHneM onnroHyxneoTMAHoro 30Hfla 
flHK, nonyMeHHoro mcxoah W3 pacwuc^pOBaHHOfl 
aMMHOKvicnoTHofi nocneAOBaT&nbHOc™ 
N-KOHLjeBoro cfrparMeHTa. B KanecTBe npuMepa 
ycneujHoro npuMeHeHkm stoA MeTOAMXW mo>kho 
yxaaaTb xnoHMpoBaHHe reHa 

M3oneHMuwJuiMH-N-cnHTeTa3bi Cephalosporium 
acremonium (S.M.Samson et al., 1985, Nature, 
318. 191-194) m BbweneHMe reHa, koah py io me ro 
TAKA aMuna3y Aspergillus oryzae (Boel et 
al., 1986, eBponetacafl naTeHTHaa 3aRBxa 
0238023). 

Hcnonbsyfl stot noAXOA, My nonbiTanvicb 
n3onnpoBaTb reH, xoAnpyioinnfl $nTa3y M3 
Aspergillus ficuum. Ee/ioK TiijaTenbHO oHnmann 
m onpeflexiHTiM p«A ero 6noxwMHMecKMX 
napaMeTpoB. nonyMeHHbie AaHHbie cpaBHUBann 
c pesy/ibTaTaMM MccneAOBaHHfl Ullah (1968a). 
MaTepua/ib) odohx wccneAOBaHi/ifl 
npeACTaBneHbJ b Ta6n.1. 

flna BbJAe/ieHMA KOAnpyioii^ero a>MTa3y reHa 
CHanana nonyMann Ha6op onnroHyxneoTMAHbix 

30HAOB, KOHCTpyMpOBaBLLIMXCfl, K3K OnVICaHO 

BbiLue (o>ir.4,5), Ha ochob3hhh AaHHbix 

paCLUMC})pOBKM aMMHOKWCJIOTHOM 

nocneAOBaTenbHocTH. B KanecTBe xoHTpona 
Bcero npoL^ecca, aHanorviHHbiM o6pa30M 
BbiAe/iRnn reH, xoAMpyiomMfl xvicnyio 
4)occf)aTa3y, Yicnonb3y$i aha 9toH u,enw 
xapaKTepucTMKn 6enxa, nonyseHHbie Ullah m 
Cummins (Prep. Biochem., 17, 397-422, 1987). 
BbiAeneHMe reHa KMcnofi Q>occ})aTa3bi He 
npeACTaariRno cymecTBeHHbix TpyAHocTefi. 
CoBceM mhom 6bina cnTyau,nfi c BbiAeneHneM 
reHa <£wTa3bi. HecMOTpfl Ha MHoronncneHHbie 
nonbiTKM c ncnonb30BaHneM sohaob, 
nojiyneHHbJX mcxoah H3 nocneAOBaTenbHocm 

N-KOHl^eBblX aMMHOKMCTIOTHblX OCTaTKOB, He 

yAanocb BWAenmb reHOMHbie c^parMeHTbi flHK 
wit* KnoHbi reHOMHofl 6u6moTem, b KOTopbix 
mokho 6bino 6bi OAHO3H3MH0 noxasaTb 
npucyTCTBue reHa, xoflvipyiomero (frMTasy. 

ftna peiueHMR stoA 3aAanM OHMineHHyio 
$viTa3y pacunennanw CNBr m BbiAenanu 
o6pa30BaBiunecn cenxoBbie cfcparMeHTbi, 
onpeAenafl nx N-xoHU,eBbie aMMHOKMcnoTHbje 
nocneAOBaTe/ibHOCTM (c£nr.2). 

Hcno/ib3yfl nonyMeHHbie AaHHbie, 
KOHCTpynpoBann HOBbie onnroHyxneo™AHbie 
30HAbi (o>ir.6,7). 3th onnroHyxneoTHAHbie 

SOHAbl OKa3anncb CnOCOGHblMM 

nfleHTn4)ni4MpoBaTb cneu,n4>nsecKne 
cpparMBHTbi flHK m npnroAHbiMH Ann BbmBneHWH 
Tpe6yeMbix ktiohob renoMHOfl 6n6nnoTexM. 
nepeicpecTHafl rvi6puAn sauna MejKAy 

nOXiyMeHHblMH T8XMM OOpa30M HOBbJMM KHOHaMM 

nnn cfiparMeHTaMM flHK m nepBbiM HaoopOM 

0/inroHyKneoTWAHbix 30haob nnn xnoHaMW, 

BbiAe/ieHHNMM c ncnonb30BaHneM nepBoro 
Ha6opa 30haob, OTcyTCTBOBana. 

B CBH3M C 3THM BTOpOfl Ha6op 30HAOB T3J0Ke 
MOKHO MCnOJlb30BaTb npu HAeHTMCf)MKaL^HH 

KOAnpywmHx nocneAOBaTejibHocTePl Ana 

COOTBeTCTByK)lHV1X 4)MTa3. 

BHOBb BbiAeneHHbie xnoHbi 6binn 
ncnorib30BaHbi Ann rn6pvwi3au.nu (Northern blot 
hybridization). flMcxpeTHbie mPHK yAaBanocb 
onpeAenmb Tonbxo b Tex cnyMaax, xorAa mx 
BbiAennnM m MMi^enHfl, BbipaoaTbiBaiou^ero 
(J)MTa3y. rn6pnAH3auM0HHbiP1 CMman 
OTcy TCTBOBan , ecnw mPHK nonynanH M3 
MML^envin, b kotodom OTcyTCTBOBana npoAyKqHfl 
4)MTa3bi. mPHK Miwena b AHMHy nprnwepHo 1800 
ocHOBaHMfl m TeopeTMHecKM Aasana 6enox c 
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MaxcMManbHUM MonexynnpHbiM BecoM oxono 60 
xfla. 3Ta Ben mm mh a cooTBeTCTByeT 
MonexynnpHoft Macce Hemnxo3minpoBaHHoro 
6enxa m MonexynnpHofl Macce oenxa, 

paCCMMTaHHOPl Ha OCHOB3H14H AaHHblX O 

HyxneoTMAHoft nocneAOBaTenbHocTM flHK. 

Bonee Toro, nocne BHeApeHMfl Taxow mPHK b 
rpn6HyK) icneTxy nocpeACTBOM TpaHcctxapMauMM 
Ha6nK>AarM yBe/inHeHne ct)MTa3HoR axTMBHOCTid. 
3to HeonpoBepjKMMo CBMAeTenbCTByeT o tom, 
mto 6bina nonyneHa HyxneoTMAHan 
nocneAOBaTenbHocTb, KOAMpyiou^afl o>MTa3y. 
nocneAOBaTenbHOCTb aMMHoxvicnoTHbix 

OCTaTXOB B OMVimeHHOfl C|)k1Ta3e H B 6e/lXOBbJX 

cfcparMeHTax, nonyMeHHboc nocne 

nepeBapMBaHMfl CNBr, 6bina TaxoPI >Ke, xax 
aMHHOXMcnoTHan nocneAOBaTenbHOCTb, 
paccMMTaHHan Ha ocHOBaHnn HyxneoTMAHoR 
nocneAOBaTenbHocTM KnoHnpoBaHHoro rena. 
HyxneoTMAHan nocneAOBaTenbHOCTb m 
BbiBeAeHHan M3 Hee nocneAOBaTenbHOCTb 
aMHHOKwcnoTHbix OCTaTKOB npeACTaBneHbJ Ha 
4)nr.11-17, 19, 20, KOTopwe cnyraT 
AononHMTenbHoPl HnniocTpaiiMeii cTpyxTypbi 
KnoHnpoBaHHoro reHa, KOAkipyK>U4ero $HTa3y. 

BbiAeneHvie HyxneoTHAHOM 
nocneAOBaTenbHocTH, xoAnpyiou4efl (J)MTa3y, 
nBnneTCfl npeAnocbinxoPI nonyMeHwn nocneAHePI 
b npoMbJiuneHHbix MacujTaoax Ha ocHOBaHMH 
coBpeMeHHoPl TexHonorviH pexoM6nHaHTHbix 
flHK, BioiKDMaKDu^eft Taxvie onepaqviH, xax 
aMnnncJ)MKamin reHa, 3aM6Ha perynflTopHbix 
sneMeHTOB (npoMOTopoB, cnmanoB cexpeu,nn) 

W1M KOM6MHai4Mfl pa3nMMHblX MeTOAOB. 

B CB&3U c 3tmm npeflMeTOM HacTOflmaro 
n3o6peieHnn nBnniOTCfl Taxxe 
TpaHc0opMMpoBaHHbie xneTxvi - xosneBa, b 

KOTOpblX npOMCXOAMT 3Qt»4>eKTMBHafl 3KCnp8CCMfl 

nenTMAOB m oenxoB, o6naAaK)u^nx 0>nTa3H0M 

aXTMBHOCTbtO, npM BblCOKMX KOHL^eHTDaL^HflX 3TMX 

coeAMHeHM^, a Taxwe (b cnyMae 
Heo6xoAMMocTM) - acJxfeexTMBHafl sxcnpeccMH 
KMcnbix <})oco>aTa3. TaxviMM xneTxaMM Moryr 
cnyjKMTb HMTMaTbie rpn6bi doaob Mucor, 
Aspergillus, Trichoderma m Penicillium, 
ApoxoKM doaob Kluyveromyces n 
Saccharomyces m 6aKTepnn, npnHaAne)Kau4ne x 
poAy Bacillus. PexoMeHAyeTCfl b xaMecTse 

OpraHHSMOB - X03«eB OT6MDaTb (|X)pMbl, 

cnoco6Hbje x mht6hcmbho« cexpei^MM 
co6cTBeHHbix SHAoreHHbix 6enxoB. 

OcoCbi^ MHTepec npeACTaanntoT 
npoMbiujneHHbte ujTaMMbi Aspergillus, b 
nacTHocTM, A. niger, A. ficuum, A.awamori, 
A. oryzae. B xanecTBe anbTepHaTkiBbi, Moryr 
Mcnonb30B3TbCfl Trichoderma reesei, Mucor, 
miehei. Kluyveromyces lactis, Saccharomyces 
cerevisiae, Bacillus subtilis, Bacillus 
licheniformis. 

TpaHC0opMMpoBaHHbie xneTKvi coAepxaT 
HyxneoTMAHbie nocneAOBaTenbHocTM, xoTOpbie 
KOAnpyioT Tpe6yeMbiR oenxoBbiK npoAyxT, n 
o6bfHHo BxntoHaiOT CMmanbHyx) 

nocneAOBaTenbHOCTb ceKpei^nn, cnoco6Hyio 

QtiyHKUHOHHDOBaTb B A3HH0M X03flMH6 H 

Heo6xo ah My \o Rnn ocBo6o>KAeHHfl 
cnHTe3npyeMoro nenTMAHoro nnn oenxoBoro 
npoAyxTa. 

HacTonmee M3oGpeTeHne AonycxaeT 
npMMeHenkie paannMHbrx cumanbHbrx 
nocneAOBaTenbHocTe^. npe>KAe scero, mokho 
HcnonbsosaTb cvtmanbHbte 
nocneAOBaTenbHocTM, roMonorviHHbie 
xnoHMposaHHOM HyxneoTKAHOM 
nocneAOBaTenbHocTH, xoTopaw noAne)xviT 
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SKcnpeccMn C Apyrofl cTopoHbi, ana 
onTMMH3auwn roMo/iorviMHoa peK0M6MHaunn 

MOWHO MCnOJlb30BaTb cMmanbHyio 

nocneAOBaTenbHOCTb, KOTopan roMonorMMHa 
ttnu b 3HaMHTanbHoi^ deneHM roMonorMMHa 
CMmanbHOfl nocjieflOBaTejibHOCTM b 

COOTB6TCTByiOll^6M J10KyC8 TBH3 KneTKM-X03HMHa. 

KpoMe Toro, AonycicaeTCfl npMMeHeHkie 
cMmanbHOM nocneAOBaTenbHOCTM, 
cKOHCTpynpoBaHHo^ cnei^nanbHO, c ije/ibio 
ynyniueHMH ceKpeu,MM TpeoyeMoro npoflyicra, 
npoflyukipyeMoro ashhum opraHW3MOM, 
HanpuMep, onncaHHo8 b pa6oTax Von Heyne 
(1983), Eur. J.Biochem., 133, 17-21, 
Perlman & Halverson (1983) J.Med.Biochem., 
167. noaiefiOBaTejibHOCTb flHK, KOAMpyjou^an 
cMmanbHyK) nocneAOBaTenbHocTb, MOxeT 
npncoeAMHflTbCfl HenocpeACTBeHHO k 
nocneAOBaTeribHocTM, KOAMpyiomeM* Tpe6yeMbiM* 
6enoK, Mepe3 nocneAOBaTenbHocTb, 
KOAnpyiou^yK) cm mam npou,eccMHra (ynacTOK 
yaHaBaHMfi MecTa pacmenneHMfl), nn6o nepea 
kodotkmH moctmk, AnMHofl oowmho He 6onee 
Aec^TKa koaohob. 

ComacHo HacTOflineMy M3o6peTeHMio 
npeAnoMTkiTe/ibHO Mcnonb30BaTb cMmanbHbie 
nocneAOBaTejibHOCTM, roMonorMHHbie 

KTIOHMpOBaHHOM HyKTieOTMAHOM 

nocneAOBaTe^bHOCTM, noAnexamefl 
SKcnpeccMM, CMmanbHyio nocneAOBaTenbHOCTM 
b cfxjpMe 18-nneHHofi rnMDKoaMnnaab) (AG) nnn 
rnioKoaMiuiaabi (AG) M3 24 aMMHOKMcnoTHbix 
ocTaTKOB. flBe nocneAHne nocneAOBaTenbHoc™ 

MOH/T 6blTb J1MDO rOMO/lOrMMHbl, jim6o 

reTepo/iornMHW noAnewamefi siccnpeccMM 
HyicneoTHAHofi nocneAOBaTenbHOCTM. 

npoflyiaoM sKcnpeccMM mjim Tpe6yeMofl 
HyKneoTMAHofl nocneAOBaTenbHOCTbK) Moryr 
cnyKMTb flHK, roMonorviMHbie nnn 
reTepo^ornMHbie Ana AaHHoro 
opraHM3Ma-xo3flMHa. 

flnfl LjeneB HacTOflii|ero n3o6peTeHnn noA 
TepMUHOM "roMO/iornHHafl" flHK noHWwaeTCH 

flHK M3 KHeTOK, OTHOCflmHXCfl K TO My me 

6nojiomMecKOMy poAy. hto m opraHM3M-xo3JiMH. 
HanpuMep, kjigtkw rpn6oB Aspergillus 
TpaHcctxDpMnpyioTCfl flHK H3 rpnooB poAa 
Aspergillus. TaKOft" noAxoA no3BonneT ynynuiMTb 
ceoKcTBa KneTOK rpn6a AaHHoro poAa, n36e)icaB 
npuiAaHiin mm Tex cbomctb, KOTopwe He 

CBOflCTBeHHbl ABHHOMy OpraHM3My B OTCyTCTBMe 

TpaHC<t>opMai4HM. 

TeTepoxiornMHafl" flHK - sto flHK, 
noiiyneHHan M3 KneTOK 6onee mbm OAHoro poAa 
MMKpoopraHH3MOB (k3k oieAyeT M3 npuMepa, 
npMBeAeHHoro b npeAHHymeM naparpacrpe, 
reTeponon/MHOfl flHK mojkgt cnywiTb flHK M3 
MHbix, nexem Aspergillus, MMKpoopraHM3MOB, 
KOTopyio ncnojib3yioT Ann 3KcnpeccMM b KneTicax 
Aspergillus). 

HyuneoTMAHbie nocneAOBaTenbHOCTM, 
KOAnpyioiMne 6enKM c a>MTa3Hofl aKTHBHocTbio, 
)KenaTenbHo nonynaTb M3 rpnoos. Han6onee 
npeAnoMTMTejibHbi KOAMpyKHijMe (pvnasy 
HyicneoTMAHbie nocneAOBaTexibHocTn M3 rpn6os 
Asperhillus ficuum hjim Aspergillus niger. 

OonacTb 5' OTKpbiTofi CHMTbiBaeMofl 
nocneAOBaTe/ibHOCTH TpeoyeMofi HyicneoTMAHOM 
nocneAOBaTejibHOCTM AonxHa BKntonaTb 
peryn^TOpHyio aoHy MHMU^MMpoBaHMH 
TpaHCKpMnt^MM (kinM npoMOTop). Mokho 
Mcnonb30BaTb nio6yio cfjyHiqMOHajibHO 
aKTMBHyto o6nacTb HyKneoTMAHOfl 

nocneAOBaTejibHOCTM KneTKM-xo3flMHa, b tom 
MMcne npoMOTop, roMonorMMHbiW KOAMpyiomeW 
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0>MTa3Hyi0 aKTMBHOCTb HyiOieOTMAHOfl 

nocneAOBaTenbHOCTM, KOTopan noAnexwT 
dKcnpeccMM. OAHaxo b oonbUJMHCTBe cnysaeB 
Mcnonb3y»OT o6nacTb, roMonorMMHyio o6nacTM 
noKyca-MMiueHM. 3to no3BonfleT 3aMeHMTb 
npoAyKT SKcnpeccMM noKyca-MMiueHM 
Tpe6yeMbJM npQAyKTOM. B stom cnynae 
perynwTopHaw 30Ha MHMUMMDOBaHMfl 

TpaHCKpMnL^MM 06blHH0 yAOBJieTBOpfleT 

npeAbflBJineMbiM TpeooBaHM^M b tom cm wane, 
hto AOCTMraeMbi^ yposeHb 9KcnpeccviM m 
ce«pei4MM 6exiKa, KOAMpyeMoro 

noKycoM-MMiueHbio, ooecneHMBaeT aoct8tomho 
30>J)eKTMBHyio npoAyKUMio nocneAHero. TeM He 
MGHee, b OTAenbHboc cnyManx MoxeT 
TpeooBaTbCfl oojiee BbicoKMfl ypoBeHb 
TpaHCKpMni^MM, He>KenM tot, hto 
ooecneHMBaeTCfl jiOKycoM-MMLueHbio, jimdo 
BOSHMicaeT Heo6xoAMMOCTb nojiynaTb npoAyKT 
sKcnpeccMM, Mcnonbsyn cneuMO>MHecKM^ 
MHAyMMpyiOLi^M^ qbaKTop. B T3KMX cnyMasx 
MCfionb3ytoT perynflTopHyio 30Hy 

MHMUMMDOBaHMfl Tp3HCKpMnU,MM , KOTODafl 

OTnMMaeTCfl ot 3ohu, npMcyTCTByiomefi b 
noxyce-MMUjeHM AaHHoro reHa. klsBecTHO 

OOnblilOe HMCnO 0>yHKUM0H8JlbH0 aKTMBHbtX 
peryjlflTOpHblX 30H MHMI^MMpOBaHMfl 
TDaHCKpMni^MM M3 pa3J!MHHblX BMAOB HMTMaTblX 
rpMCOB. K MX HMCJiy OTHOCflTCfl 30Hbl, 

KOAMpyiou^Me mMKoaMMJiasy (AG), rpM6Hyio 
aMMJiasy, KMcnyio c>oco>aTa3y, GAPDH, TrpC, 
AmdS, AIcA, AbdA, rwcTOH H2A, Pyr G, Pyr4, 
M3oneHMi^MJUiMH-N-CMHTeTa3y, <J>rK, KMcnyio 
npoTea3y, auMrrrpaHCxtjepasy m t.a.. 

>KejiaTejibHO, MTo6bi JiOKyc-MMUjeHb 
KOAMpOBan reH oejiica c bucokmm ypoBHeM 
OKcnpeccviM, T.e. reH, npoAyKT SKcnpeccMM 

KOTODOrO CM HTe3M py BTC$1 B KOHL46HTpai4MM H6 

MeHee 0,1 r/n (b kohl^6 npoi^ecca 
c>epMeHTai^MM). n poAon>KM Ten bHocTb TaKoro 
npouecca, noMMMO npoMMX cfcaicropoB, MoxeT 
saBMceTb ot xapaKTepa TpeCyeMoro 6enKa. B 
KanecTBe npMMepa TaKoro reHa moxcho yK33aTb 
Ha reH, KOAMpyioiUMM mnKoaMnna3y (AG). CpeflM 
Apyrvix npeACTaanwiou^MX MHTepec reHoe: reHbi 
rpMDHoft axibo>a-aMMjia3bi, kmcjio^ c>oco>aTa3bi, 
npoTea3b), khcjioK npoTeasbi, jiMna3bi, c>MTa3bi m 
L^enno6MOAerpaAa3bi. OcooeHHO L\eHHbi noKycw 
reHa rnnKoaMnna3bi A.niger, reHa aMMnasbi 
A.oryzae, reHa i4enno6MorMAPona3w T.reesei, 
reHa kmcjioR npoTeasbi Mucor michei, rena 
jiaiaaabi Kluyveromyces lactts m reHa 
MHBepTa3bt Saccharomyces cerevisiae. 

PeryjifiTopHafl 3ona oKOHHaHMR 
TpancKpMnu^MM MO)KeT 6biTb nonyneHa M3 
Mcnonb3yeMoro reHa, noKyca-MMiueHM mjim 
nioco^ Apyrofl noAXOA«me« 
nocneAOBaTenbHOCTM. npM Han mm mm b KneTKe 
Apyrvix nocneAOBaTenbHOCTet^, pacnono>KeHHbix 
HMxe McnonbsyeMoro reHa (no HanpaBneHMio 

TpaHCKpMnUjHM), 30Ha OKOHHaHMfl TDaHCKpMnL|MM, 

b cnynae ee roMonorMMHOCTM noKycy-MMiueHM, 
AonKHa 6biTb 3HaMMTenbHO Kopone, neM 
roMonorMHHan 0naHKMpyiomafl o6nacrb. 

06biMH0 Mcnonb3yK)T Mapxep 

cenexTMBHOCTM, ABnj?K)u^Mflcfl nacTbio 
TpaHco>opMMDOBaHHoro reHOMa, noAnewaujero 
SKcnpeccMM, MnM oTAeneHHWft ot 
TpaHcqbopMMDOBaHHoro ynacTKa, b pe3ynbTaTe 
nero oh MoxceT 6btTb BHeApeH 3a npeAenaMM 
McnonbsyeMoro reHa. nocKonbicy 

peKOM6MHaHTHbie Monexynu comacHO 
HacTOflmeMy M3o6peTeHM»o TpaHcc^opMMpytOTCfl 
npeMMymecTBeHHO b KneTKM npOMbiuineHHbJX 

LUT3MMOB MMKpOOpraHM3MOB, MapKepbJ 
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CG/I6KTMBH0CTH fln« KOHTpOTIfl TDaHCC})OpMaiJMM 

flOJDKHbi CbiTb no npeMMymecTBy 

AOMHHaHTHbJMM MapK6p3MM. HHbiMM CJ10B3MH, 

mx BBe^eHne b KneTKM-xosneBa He ppromo 
conpOBO)KAaTbCfl MyTaunwMn. (IpuMepoM Tatoix 
MapKepoB, o6ecneMHBa»oi4nx peer 

TpaH0C(X3pMMpOBaHHblX KTI8T0K Ha 

KOHTponnpyeMoft nMTaTenbHofi cpeAe. mo)K8t 
cnyxcviTb reH A. amdnudulansS, KOTopbjR 
noAAep>KMBaeT pocT TpaHc$opMi*poBaHHbix 
icneTOK A.niger Ha aijeTaMKAe b KaMecTBe 
eAMHCTBeHHoro ncTOMHUKa nuTaHun, a 
npwuepoM MapKepoB, ooecnemiBatOL^vix 
pe3MCTeHTH0CTb k aHTn6noTM KaM , - reH ble, 

OTBeTCTBeHHblH 3a VCTOMMMBOCTb K 

(J>JieoMMi4kiHy, mjim reH hph, ot KOToporo 3aBncnT 
ycroMHMBocTb k rnrpoMni4MHy B. 

TeH ceneKTMBHOCTM AonaceH MMeTb 
co6cTBeHHue peryji5iTopHbie 30Hbi 

HHMUHHpOBaHUfl M OKOHMaHUfl TpaHCKpMnLJMM M 
TpaHCJlflL(MM, TaK K3K 3TO Heo6xOAMMO A^H 

He33BMCviMO^ sKcnpeccMM MapKepa. KaK 
yKaabiBajiocb Bbiwe, M3BecTHO 6onbUJoe mhcho 
peryn^TopHbtx soh MHUL^nnpOBaHUfl 

TpaHCKpuni^nn, KOTOpbie MOKHO MCnOJlb30BaTb B 

coMeTaHMM c MapKepHWM reHOM. B Tex cnyHaflx, 
KorAa McnoiibayeTCfl (Jjshombh pe3MCTeHTHOCTM k 
aHTuSnoTMKaM, KOHL^eHTpaqnyi nocneAHnx 
MOxeT BapbupoBaTbCfl b saBMCMMocTM ot Tuna 
nocneAHMX ot 30 ao 300 mkt/mji. 

OTAe/ibHbie nocneAOBaTejibHOCTvi mo)kho 
npMcoeAHH^Tb c noMou^bio oahoto M3 
cymecTByioinMX mctoaob, HanpuMep, 
pecTpuKi^u, coeflUHeHUfl KOMnneMeHTapHbix 
pecTpuKunoHHbix ynacTKOB m vix nurnpoBaHun, 
nonyMeHMW Tynbix kohljob nocpeACTBOM 
aanoriHeHnq BbicTynoa c nocneAyiOLUMM 
nurvipoBaHMeM, Bal 31 pesetcunn, penapauMM 
npaMMepa, MyTareHeaa in vitro u T.n.. B 
cnyMae Heo6xoAHMocTH mojkho McnonbaoBaTb 

MHOKeCTBeHHbie CBH3KM (nOJlMJlUHKepbl) M 

aAanTepbi. Hx bhbap^kdt m yAa/iflioT c noMombio 
o6u^enpviHflTbix MeTOAOB c ue/ibK) o6nerMeHM* 
coopKM KOHCTpynpyeMbix eAUHnu 3KcnpeccMM. 

Ha Ka>KflOfl CTaAMM CMHT63a T3KMX 6J10KOB 

npuMeHAKDTCfl KfioHnpoBaHne $parMeHTOB, 

aHai1M3 DeCTpMKUMOHHblX 0>epMeHTOB, 

ceKBeHMDOBaHne, rM6pMAM3au,MH n Apyrne 
onepaL^MM. HMeeTCfl oonbtuoe mmcjio BeiaopoB 

KTIOHVipOBaHHfl, OflHaKO BblGop TOrO HT1M HHOrO M3 
HMX He HBnfleTCfl JIMMVITMpyiOU^MM (fcaKTODOM B 
A3HH0M H306peTeHHH. 06blMHO KTIOHUpOBaHUe 
npOM3BOAMTCfl B E.coli. 

0naHKnpy»oi4ne o6nac™ mopvt BKniOMaTb no 

KpaPlHefl Mepe MaCTb OTKpblTOfi CMMTblBaeMOfl 

30Hbi jioKyca-MMiueHu, oco6eHHO ero 
cuma/ibHyK) nocneAOBaTenbHOCTb, 
perynflTopnbie oonac™ 5* n 3' reHHoro 
jiOKVca-MuujeHH nnn mop/t npocTupaTbcn 3a 
npeAexibi perynnTopHboc oonacTefl. 06whho 
AnMHa 4>naHKwpy»omefl o6/iacTM He MeHee 100 
nap ocHOBaHMfl, npeAnoMTMTenbHO He MeHee 
200 nap ocHOBaHMfl, ho MO>KeT AOCTuraTb 500 
nap ocHOBaHuft nnn oonee. cPnaHKMpyKJinne 

06/iaCTH Bbl6HDaiOT TaKUM 06pa30M, MT06bl 

o6ecneMHTb paspbiB reHa-MHUjeHM n 
BocnpenflTCTBOBaTb ero SKcnpeccMM. 3Ta nerib 
MOJKeT 6biTb AocTumyTa nocpeACTBOM 
BHeflpeHUH 6/io Ka sKcnpecciiki (BKntonaioi^ero 
noAne)Kau\yK) aKcnpeccnn HyxneoT^AHyio 
nocneAOBaTenbHOCTb n (npn hboCxoammoctm) 
TaKne Aono^HMTexibHbie 9/ieMeHTbi, KaK 
CMrHanbHan nocneAOBaTenbHOCTb, 
perynnTopHan sona MHnuMnpoBaHMfl 
TpaHCKpunL^nn h/htim perynflTopHafl 30Ha 
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OKOHMaHklfl TpaHCKpuni^MM) B CMMTbJBaeMyK) 

o6nacTb paaom c 5'-o6nacTbK) nyTeM 
3aMeL46HMfl Bcero mxih m3ctm reHa-MkiiueHM 
CKOHCTpyvipoBaHHO^ eAUHMi^efl 3KcnpeccnM, nnn 
BHeApeHneM nocneAHeA MewAy perynnTopHofl 
30H0A nHMi^nnpoBaHUfl TpaHCKpurmnn 

JIOKVCa-MHUieHH U OTKpbiTOM CHUTbJBaeMO^ 

nocneAOBaTe/ibHocTbio. KaK ywe yKasbiBanocb, b 
cnynae roMonorviMHocTM perynflTopHofl aoHbi 

OKOHMaHUP TpaHCKpunL^HM M 30Hbl 

jioKyca-MHiueHM, AnMHa 3' - 4maHKVipyK>LAefl 
o6nacTM AoruKHa 6biTb 3HaMHTexibHO 6onbiue 
MeM AnMHa perynflTopHofl aoHbi OKOHMaHMn 

TpaHCKpMni^MM, MMetot^eWcfl b 

TpaHc4>opMupoBaHHOM reHOMe. 

npeAMeTOM HacTonu^ero M3o6peTeHMfl 
flBJiaeTca TaiOKe MCXOAHbiA MaTepwan Ann 
K0HCTpyMD0B3HMfl C|)MTa3 "BToporo noKoneHMfl", 
T.6. (J>epMeHTOB C CflMTaSHOfl aKTMBHOCTblO, 
KOTOpbie no CBOMM CBO^CTBaM OTJlMMatOTCfl OT 

BbiAeneHHbix ao cmx nop 4>epMeHTOB. <t>MTaabi 
"BToporo noxoneHMfl" Moryr xapaKTepM30BaTbcn 
M3MeHeHHWMM onTMMyMaMM pH, TeMnepaTypbi, 

Cnei^MC}}MMeCKOn aKTMBHOCTM MJ1M CDOACTBa K 

cy6cTpaTaM, a Tarae apy^mmm otjimmmrmm, 
KOTOpbie noBbiuiaiOT npuroflHocTb cf)epMeHTOB 
Ann Mcno/ib30BaHMfl b Tex mjim mhux npoi^eccax. 
E.coli flanneTCfl HaMiryniuMM o6"beKTOM Anfl 
nonyneHMfl tbkmx MyTai^Mft, b tom HMcne 
HanpaBXieHHboc. E.coli He MMeeT MexaHM3Ma, 
ooecneMMBatou^ero yAaneHMe mhtdohob, 
KOTOpbie MoryT npMcyTCTBoaaTb b reHe c})MTa3bi. 
Ann aKcnpeccMM b stmx opraHMSMax 
npeAnoMTvrre/ibHO Mcnonb30BaTb 

KnOHMpOBBHHyK) KflHK (|)MTa3bl. KnOHMDOBaHHafl 

nocneAOBaTenbHOCTb KflHK nerxo noAAaeTcn 
MVTai^M&M xodoujo MSBecTHbiMM cnocooaMM 
nocne Hero MyTaHTHbJft reH mok6T 6biTb bbbaoh 
b xcenaeMbiA reHOM Ann OKcnpeccnn. 

BHOBb CKO HCTpy M DO B3 H Hbl ^ 6nOK MO)KHO 

TpaHccfopMnpoBaTb b KaMecTBe KnoHMpyioujero 
BeKTopa b KneTKy-xosflMH nM6o nMHefiHo, nM6o b 
cfxDpMe t^MKnMMecKO^ cTpyioypbi, a npM 
Heo6xoAMMOCTM oh MoweT 6biTb yAaneH M3 
KnoHMpyioii^ero BeKTopa. llpeAnoHTMTenbHbiM 
KnoHMpyiou^MM BeKTopoM «BnneTCfl nnasMMAa, 
Kcropyio oCbiHHO nepeBOA^T b nMHeMHyto 4>opMy 
B npeAenax npMMepHO 1 KunoocHOBaHMfl 
Mcnonb3yeMoro reHa. >KenaTenbHO 
MHTerpMpoBaTb 6noK axcnpeccMM 0MTa3bi, 
nonyHaeMbJ^ cornacHO HacTo^meMy 
M3o6peTeHMK), b reHOM cTporo onpeAeneHHoro 

BMAa MMKpOOpraHM3MOB. 

Cyo^ecTByeT mhokbctbo motoaob 

TpaHC^OpMMDOBaHMfl HMTH3TbIX rpMOOB. CpeAM 
3TMX MeTOAOB CneAyeT OTMCTMTb cnMHHMe unM 

TpaHcxf>opMai4MK) npoTonnacTOB, 
3neKTponepct>opaL^Mio mjim 

MMKDOOOMOapAHpOBKy KneTOK. Oco6eHHo 
xopoujMe pesynbTaTbi AaeT TpaHo^opMai^Mn 
npoTonnacTOB, npMMeHeHMe kotodoB MMeeT p«A 
npeMMyiuecTB. 

CHanana MMijenufl rpM6a Tpe6yeMoro 
LUTaMMa nepeBOA^T b npoTonnacTbi 
nocpeACTBOM 4>epMeHTaTMBHoro 
nepesapMBaHMfl KneTOHHOfl cTeHKM b 

npMCyTCTBMM T3KMX CT36MnM3aTOpOB 

ocMOTMMecKoro A^BneHMfl, xax KCI unM 
cop6MTon. flooaaneHMe CaCl2 cnocoocTByeT 

oonee MHTeHCMBHOMy BKntoneHMio flHK b 
npoTonnacTbi. AHanorviMHbiM 34xf>eKTOM 
obnaAaeT KOHL(eHTpMpoBaHHbiR pacTBOp 
nonMSTMneHrnMKonn, Bbi3biBaK>U4M^ k tomy xce 
arperai^Mio npoTonnacTOB, b npoi^ecce KOTopofl 
npoMGXoAUT BxnioHeHMe flHK b arperaTU c 
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nocneAyjoinHM aaxBaTOM TpaHco>opMMpyiomero 
(fcaKTopa npoTonnacTaMM. 3aTeM npoToruiacTbi 
pereHepupyjoi Ha TsepAofi cpeAe. coAepxcau^efl 
cTa6wiM3aTop ocMOTHnecKoro AaaneHMfl, n, b 
cnyMae neooxoAHMOCTW, o>aKTop 

Ce/ieKTHBHOCTH, pe3MCT6HTHOCTb K KOTO pO My 

KOAHpyeTCfl TpaHcxf)opMMpyK)Lnevi flHK. 

riocne oToopa TpaHco>opMnpoBaHHbix 
KneTOK npucyTCTBue TpeoyeMoro reHa mokho 
ycTaHOBHTb pa3JinMHb)MM cnoco6aMM. rtpn 
cuHTe3e npo^yiaa, reTeponorwHHoro xo3HMHy, 
HannMne aKcnpeccuM reHa ycTaHaannBaeTC« c 
noMOii^bio aHTMTen. ApyrviM cnococoM flanneic* 
npMMeHeHne oahoA M3 pasHOBHAHOCTeft 
rvi6pnAH3aL\nn, Koropan no3Boxi«eT 
o6Hapy>KMBaTb npMcyTCTBue BCTpoeHHoro reHa 
M/ivi npoAyKTa ero TpaHCKpnnu,wn. 

AMrUlMQ>lKaU,Hfl HyKJieOTUAHOfl 

nocneflOBaTenbHocTn nnn sKcnpeccMn 
TpaHCCf)opMMpOBaHHoro reHOMa AocTuraroTcn c 

nOMOU^bK) CTaHflapTHblX M6TOA0B, T3KVIX K3K 

BBeABHue b TpaHcc^opMMpyioLijHH Beiaop 

MHO)KeCTBeHHblX KOnklH TpaHCCjJOpMaHTa HUM 

Mcnoxib30BaHkie b KanecTBe MapKepa 
n36npaTexibHOCTn reHa amdS (cm., HanpuMep, 
Weinans et al., 1985, Current Genetics, 9, 
361-368). noAnexatAafl aMnjiwfcMKaijwi 
nocneAOBaTe/ibHOCTb flHK MOweT npeACTaanflTb 
cooofl, KaK yica3aHO Bbiiue, nnco roMonorwMHyio, 
nn6o reTeponornHHyjo KneTKe-xo3flMHy AHK. 
nocne saBeptueHMH Bcex sthx onepau,nfl 

K/ieTKM MO)KHO BbipaiU,HBaTb B o6bNHOPi 

nuTaTexibHoK cpeAe. ripn stom ncnonb3yiOT 
HeBbicoKne KOHijeHTpaijHM npoTea3Hbix 

MHrn6MTOpOB, T3KMX KaK 

(J)Topc<J>eHimMeTwncynbC>OHnn, ant4>a-2- 
MaKpomo6ynnHbi, nencTaTHH m Apynte. 06nhho 
3to KOHueHTpaqMM nop^AKa 1 mkt/mji - 1 Mr/M/i. 
reH(bi) npoTea3bi moxoho HHaiauBupoBaTb, 
MTo6bi n3oe>KaTb pa3pyujeHnn 6enKOBoro 
npoAyKTa win yMeHbWMTb ero. 

TpaHc0opMnpoBaHHbie KneTKM M05KH0 
BbtpaujMBaTb B o>epMeHTepax Ann 
HenpepbiBHoro win nepuoAMMecKoro 

KyJlbTMBHDOBaHMW, C nOCJieAytOlHefl MdOJlflLJMeft 

nmaTe/ibHoK cpeAW m OKCTpaKu^efi KOHeMHoro 
npoAyKTa. 

npn He06X0AHM0CTH omhctkm KOHenHoro 

npoAyKTa moxho npHMeHflTb caMbie 
pa3Hoo6pa3Hbie MeTOAbi, BKnKwan 
xpoMaTorpacfewo (b MacTHOCTM, B3>KX), 
3KCTpaKU.nK) pacTBOpkiTe/in, sneiapafcopes, a 
TatoKe Apyne MeTOAbi m mx coneTaHne. 

npeAMeTOM HacTonii^ero M3o6peT6Hn« 
flBJifleTCfl TaioKe cnoco6 HMcxoAflinero 
npoueccviHra, npi* kotodom G>MnbTpau,nn 
cpepMeHTaL|MOHHoro cyjibOHa (npn 
Heo6xoAMMOCTH npeABapMTeribHo OMmneHHoro) 
conpoBO>KaaeTCfl noBTopHOfl 4)nnbTpai4wefi b 
CTepMJibHbix ycnoBMflx, nocne kotodoA 
OTQ>M/ibTpOBaHHbin pacTBop noABepratoT 

KOHtteHTpupOBaHHIO. (lOJiyHeHHUW T3KHM 
06pa30M XMAKM^ KOHLjeHTpaT MOXOHO 

McnojibsoBaTb Ann cneAyKHijHx u,enefi: 

a) oca>KAeHM« M3 Hero o>MTa3bi n APyrwx 
6e/iK0B nyTeM Ao6aBneHwn aqeTOHa ao 

KOHeMHOfl KOHU.eHTpai^MM 60% (B 06*beMH0M 

cooTHoiueHUH) npH HenpepbiBHOM 

nepeMetDMBaHMM. OcaAox mojkho BbicyujHBaTb 

noA BaxyyMOM npw TeMnepaType 35°C. nocne 
HSMenbMeHHfl cyxoro nopoujica 
4)epMeHTaTMBHbjR npoAyKT Mcno/ib3yiOT KaK 
TaxoBo^ b onuTax no ero npaKTkiMecKOMy 
npHMBHeHMio. BbixoA KOHeMHoro npoAyKTa 
cocraBnneT npw otom 90%. 
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6) BfcjcyaiHBaHHH b o>opMe aspo3onn c 
noMOiAbio o6biMHO npHMeHJieMbix Ann 3Tofl L^enn 

M6T0A0B C BbJXOAOM 80-99%; 

b) CMeujMBaHMfl c HocMTe/iRMM, HanpMMep, c 
nujeHMHHbiMM 0Tpy6«MM. nonyMaeMbie npn stom 

CMeCM MO)KHO BblCyiUMBaTb B ODOCHTe/lbHbfX 

KonoHHax nnn hba cnoeM xoiakoctm. 

r) Ann ocMOTMMecKofl CTa6nnn3ai4MM 
cooTBeTCTByiou^MMM areHTaMM, HanpMMep, 
cop6nTo/ioM. flnn npeAOTBpau4eHnn 
3arp«3HeHnn MHKpoopraHM3MaMn mojkho 

AOOaBJlflTb KOHCepBaHTb), B MaCTHOCTM, 

6eH30flHyK) KvicnoTy. 

Bee neTbjpe onncaHHt>ie (Jx^pMbi KOHenHoro 
npoAyicra MOiyr nociynaTb Ha puhok Ann 
npoAaww M3roTOBHTe/WM no^yc})a6pMKaTOB, 
npeAnpHRTMAM no M3roTOBJieHmo kom6mkopmob, 
APyrviM noTpeCnTejiflM m 4>epMepaM. 

Hvi>KecneAyK)U4kie npuMepu cny)KaT Ann 
unniocTpauMM M3o6peTeHHfl m He orpaHMMMBaioT 
co>epy ero npMMeHeHMn. Cnei^HaxiMCTaM b 
AaHHOfi oCjiacTM He cocTaanfleT TpyAa noHHTb, 
hto reH o>MTa3bi comacHO HacTonmeMy 

M306peTeHMK) MO)KHO MCnOJlb30BaTb B 

3KcnepnMeHTax no reTeponornMHoPI 
rn6pnAH3aunM, nDOBOAMMblX C L^e/lbK) 

BbiAeneHHfl KOAnpyioiAero o>MTa3y reHa M3 

APyrux BMAOB MliKpOOpraHMSMOB. 

npuMep 1. OepMeHTai^nn A.ficuum NRRL 
3155. 

LUTaMM NRRL 3133 Aspergillus ficuum 
nonynann M3 nacopaTopnn Northern Region 
Research Lab. USDA, 1815 Nortern Univ.str. 
Peoria, CUJA. npenapaTbi rpn6Hbix cnop 
roTOBunn c noMOU4bK) craHAapTHOM mstoamkm. 

Cnopw, a 3aTeM m KneTtoi MHoroKpaTHO 
naccHpoBa/iH b Koiioax 9pneHMeAepa h 
nepeHocunn b o>epMeHTep Ha 10 n. nocne 

UHKHMMeCKOrO Ky/lbTUBMpOBaHMfl COAep)KklMOe 

4>epMeHTepa Mcno/ib30Bajin b KanecTBe 
MHOKynnTa Ann KOHeMHo^ 0epMeHTai^kiH b 
o6"beMe 500 n. 

CocTaB kicnojib30BaBUje^cn cpeAbi: 91 r/n 
Kyicypy3Horo KpaxMana (BDH Chemicals, Ltd. ), 
38 r/n mioKOSbi, H 2 O t 0,6 r/n MgS04 # 7H 2 0, 0,6 
r/n KCI, 0,2 r/n FeS0 4 .4H 2 0 n 12 r/n KNO3. 
Be/iMMUHa pH noflAep>KHBanacb Ha ypoBHe 
4,6 ± 0,3 cwcTeMO^ aBTOMaTWHecKoro 
TMTpoBaHMn c McnoJib30BaHneM 4H NaOH mjim 
4H H2SO4. 

KneTKn Bbipau^MBann npn 28°C h 
aBTOMaTHHecKM perynnpyeMoft koh u,eHTpa 14M n 
pacTBopeHHoro KvicnopoAa, 3 kb m Ban e ht h oC^ 
25%-HOMy HacwuneHWO BosAyxa. 

MaKCHMajibHyio npoAyKUHio o>MTa3bi ot 5 ao 10 
ep/hfin perncTpnpoBann Mepe3 10 AHeH nocne 
Hanana 0epMeHTai4nn. 

npuMep 2. OMkiCTKa m csoflcTBa o>iiTa3bi 
A.ficuum. 

A. OnpeAeneHkie aKTHBHocTM G>kiTa3bi 
A.ficuum. 

100 MKn o>epMeHTai^kiOHHoro oy/ibOHa nocne 
4)wnbTpaL^nn (b cnyMae HeocxoAMMOCTki - 
pa3BeAeHMfl) nnn cynepHaiaHTa, hjim 
pa36aBMTenn (b KanecTBe KOHTponn) AOoaansuiM 
b MHKy6ai4MOHHyjo CMecb cneAytou^ero cocraBa: 

0,25 M HaipnH - aueTaTHbiR 6yo>ep pH 5,5 

MJIM 

rnnL^MHOBbJfl HCI - 6yo>ep pH 2,5 
1 mM 4>m*08an KMcncra, HaTpvteBan conb 
pa36aBvrrejib ao KOHenHoro o6"beMa 900 mkti 
nonyneHHyK) CMecb nHKyGnpoBann npw 
37 °C B TeneHwe 30 muh. PeajqMK) 
ocTaHaannBanvi Ao6aaneHneM 1 Mn 10% TXK 
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(TpuxnopyiccycHoW KMcnoTbi). nocne 
npeKpameHun peaicukiM AooaBJWJiM 2 mji 
peaKTMBa (3,66 r FeS0 4 «7H 2 0 b 50 mji 
pacTBopa Mann6AaTa aMMOHun /2,5 r 

(NH 4 )$M07024^H20 M 8 MJI H2SO4, 

pa3BeAeHHboc b 250 mji pa36aBMTejin/). 

HHTeHCMBHOCTb CMHefl OKpaCKVI MSMepRTlM 
CTI8 KT DO(J)OTO M 6T pUMeCKM npH flTIMHe BOJlHbl 750 
HM. Pe3yJlbTaTbl M3MepeHMfl CBM^eTeJlbCTByKDT o 

TOM, MTO KOJ1MMBCTBO (JxxxfcaTa, BWAerweMoro B 
pe3ynbTaTe peaiojMM, cocraBJineT 0 - 1 MMOJib/n 
(b conocTaB/ieHnn c KariM6poBOMHOfl kpmboA 
4)oco>aTa). 

OKpamnBaHMG Ha 0oa}>aTa3y. 

KoMnoHeHTbi, ooViaAaiomMe cfxoofcaTasHOM* 

a KTM BHOCTbKD , OnpefleJlRTlM M6T0A0M 
M303fieKTpo4XDKyCMpOBKM C HCnOJlb30BaHMeM 

oCbiMHoro KpacMTenn. fenb MHKy6npoBann b 
npucyTCTBMM pacrraopa 

a/ibcpa-Hact)THJi-c}xxx|)aTa n conn Fast Garnet 
GBC, Sigma (cooTBeTCTBeHHO 0,1 n 0,2% 
(Bec/06-beM)) b 0,6 M HaTpnMau,eTaTHOM 6y4)epe 
pH 5,5. PeaKU,MK>, b pe3ynbTaTe KOTopoB 
nonsnnncn ocaAOK MepHoro u,BeTa, 
ocTaHaannBajiM cMecbto MeTaHOJia c yKcycHofi 

KWCJlOTOfl B O&beMHOM COOTHOUJeHMM 30:10% 

win, npn neooxoAMMOCTM nonvMeHMn b 
Aa/ibHeflweM 6enKa c Q>MTa3Hofl aKTMBHocTbio, 

npOMblBKOM AUCTMnnnpOBaHHOM BOflOM. 

5. OHMCTKa 4)MTa3bi A.ficuum. 

<t>MTa3y OMMinann ao roMoreHHoro cocronHMn 
M3 KyjibTyparibHoW cpeflbi A.ficuum NRRL 3135. 
IlpeABapMTejibHO 6yjibOH CTepnnn30Bann 
cf)nnbTpoBaHneM. 3areM nonyMeHHbift" Q>nnbTpaT 
KOHueHTpnpoBanM b yjibTpaq^MJibTpoBa/ibHOM* 
ycTaHOBKe Fillron c 0>MJibTpaMM 30 Kfl. l/loHHy»o 
cwjiy m pH npo6 aoboamjim ao Heo6xoAMMOfl Ann 

OMMCTKM BeJIMMMHbl, npOMblBafl MX 10 MM 

HaTpMfl-aueTaTHbifi oyqtepoM pH 4,5. 
npoueAypa ommctkm o6ecneHMBana 20-KpaTHyK> 
KOHueHTpauMfo npo6. 

nocjie KOHueHTpau,MM npoobi HaHocvuiM Ha 
kbtviohoo6m6hhmk (KonoHKa HR 16/10, 20 mji, M3 

5- cec£apo3bi Fast-Flow $kipMbi Pharmacia) n 
xpoMaTorpacfin poBanw 

yCKOpeHHOft OHMCTKM 

Preparative 650 
Purification System). 
aniOMpoBanM b rpaAMeHTe 0-1 M HaTpMft - 
auaTaTHoro 6yc>epa, a o>MTaay b 250 mM NaCI. 

<t>paKUMM, COAepJKaBUJMe 0>MTa3HyK) aKTMBHOCTb, 

06- beAMHflJIM, KOHU^eHTpMpOBaJIM M 

ooeccojiMBanM c noMomwo 

ynbTpaL^eHTpMct)yrMpoBaHMfi. nojrvMeHHbifl 

paCTBOp HaHOCMJlM Ha KOJIOHKy MOH006MeHHMKa 

(KaTMOHOo6MeHHafl Q - cec>apo3a Fast- Flow, HR 
16/10, 20 mji, o>MpMbi Pharmacia), nocne Mero 
oenKM noBTopHO anioMpoBajiM b rpaAMeHTe 0 - 1 
M xnopMCToro HaTpMfl b aueraTHOM 6ycf)epe, KaK 
onMcaHO Bbiiue. C 3tom kojiohkm cpmazy 
aniOMpoBajiM b 200 mM pacTBope xnopMCToro 

HaTpMfl. 

ripOAyKTOM 3TMX CTaAMM OMMCTKM 6 bill 

OMHineHHbifi npenapaT (pmazbi c yAenbHofl 
axTMBHOCTbio nopnAKa 40 - 50 eA/Mr 6enKa, mto 

CBMAeTenbCTByeT O 25-KpaTHOM OMMCTKe. 

AHa/lMS MMCTOTbl M3CTMMHO OMMlil,eHHOM* 
C>MTa3bl BblflBMJl npMCyTCTBMe OAHOrO OCHOBHOrO 

3arpfl3HHiou4ero KOMnoHeHTa c MOJieKynnpHofl 
Maccofl npMMepHO 100 Kfla ($ur. 2, 
nocneAOBaTenbHOCTb E). C noMomwo motoaob 

M303JieKTpOO>OKyCMpOBKM nOKasaHO npMCVTCTBMe 

HecKOJibKMx cf>epMeHT0B, o6jiaAa»ou^MX 

CjXXQ>aTa3HOfi aKTMBHOCTbK), B TOM HMCJie 3-4 
CfrapM 0MTa3bl, M303JieKTpMMeCKMe TOMKM 
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KOTopwx KoneoanMCb ot 5,0 ao 5,4 (g^mM, 
nocneAOBaTe/ibHOCTM AmB). 

MToGbJ nonyMMTb roMoreHHbifl npenapaT 
$MTa3bi, ocyii^ecTBJinjiM AanbHeAujyio 
AByxpaTHyio OMMCTKy nocpeACTBOM paaAeiieHMn 
KOMnoneHTOB MacTMMHO OHMineHHoro (J>epMeHTa 

M6T0A0M M303JieKTDOO)X3KyCMpoaKM B CMCT6MG 

LKB Multiphor Ha nnacTMHax Ampholine PAG (a 
AMana30He pH ot 4,0 ao 6,5). Be/iKM c 

0>OCa>aTa3HOM" aKTMBHOCTblO (B TOM MMCJ16 

o>MTa3a) onpeAejinjiM OKpaiUMBaHMeM Ha o6iuyio 
cf>occf>aTa3y, KaK onMcaHO Bbiiue. 
CooTBeTCTByjou^ne nonocbi Bbipe3anM M3 renn m 
antoMpOBaxiM aKTMBHbi^ 6enoK nocpeACTBOM 
MHKyoai^MM cpesoB b 10 mM HaTpM^ - auaraTHOM 
6yo>epe pH 5,5 b TeMeHMe 16 h. BexiKOBwe 

CfpaKUMM aHaJIMSMDOBaXIM C L(eJ1bK) 

onpeAeneHMn yAejibHo^ aKTMBHOCTM 0>MTa3bi t 
KaK onMcaHO b npMMepe 2, TeM caMbiM 
AMO>4)epeHi4Mpyn coAepKau^Me ct)MTa3y 
0>paKqMM ot ocTanbHbix kmcjinx o>ocqbaTa3. 

KOHGHHbl^ K030>0>Ml^MeHT OMMCTKM 0>MTa3bl 

AOCTMra/i 60-KpaTHO^ BenMMMHw (yAejibHan 
aKTMBHOCTb OMMiueHHoro 6ejiica paBHanacb 100 
eA/Mr). Ha stom 3aKnK>MvrrenbHOM dTane ommctkm 
yAaaanocb TaioKe BMAennTb pasjiMMHbie 
noAO>oP Mb| 4>MTa3bi (o>Mr.1 , 

nocneAOBaTe/ibHOCTM AmB). 

30>0>eKTMBH0CTb npOL^eAypbl OMMCTKM 

o6ecnewkiBanacb Mcnonb30BaHMeM 
MOHOtoiOHajibHbDc aHTMTe/i k A. ficuum. 

AHTMTBJia MMM06MJlM3MpOBaJ1M Ha 

aKTMBMpoBaHHO« i^MaHoreH - 6DOMMAOM 
ceo>apo3e 4B (5 Mr/win renn) m Mcnonb30BanM 
nonyMeHHbifl MaTpMtcc b KOjioHKax Ann 

MMMyHOa4)(})MHHOM XDOMaTOrpa^MM. 

CBn3biBaiou^an cnoco6HocTb MaTpMKca 
cocTaBJiRna npMMepHO 1 Mr o>MTa3bi/Mn. OMTasy 
aniOMpoBajiM c kojiohkm 6ycpepOM c pH 2,5 (100 
mM HCI -mMi4MHa, 500 mM NaCI) 6e3 noTepM 
aKTMBHOCTM. 3Ty npou,eAypy mokho 
Mcnojib30BaTb Ann BbiAeneHMn roMoreHHoA 

0>MTa3bl M3 HeOMMUieHHblX O^MJIbTDaTOB 

KyjibTypa/ibHofl cpeAbi b oAHy cTaAMio c 
BbixoAOM 80% npw 60-KpaTHOM creneHM ommctkm. 

B. AernMK03nnnpoBaHMe 4)MTa3bi. 

0MTa3y A. ficuum (70 mkt oexiKa) 
MHKy6MDOBajiM c 2,5 eA N- mMKaHasbi 
(Genzyme) b 0,2 M HaTpM«-4xxxf)aTHoC1 6yc})epe 
pH 6,8 m 10 mM 1,10-4)eHaHTpoJiMHe, b oGu^eM 
o6-beMe 30 mkji. 

Mepea 16 m nocne HaMana MHKyoau.MM npM 

37 °C CTeneHb AemMK03MJiMpoBaHMn 
oueHMBanM c noMou^bto 3JieKTpoo>ope3a b 
CMCTeMe Phast System (Pharmacia). 
MoneKynnpnan Macca cpMTa3bi yMeHbiuanacb c 
85 Kfla ao npMMepHO 56,5 Kfla. OxpacKa Ha 
caxape peaKTMBOM UJM^xfca, npMMeHneMan Ann 

MAeHTMO^MKaL^MM mMKOnDOTeMHOBO^ npMDOAbi 
HaTMBHO^ 0>MTa3bl, He BbtnBMJia OCTaTOMHblX 

yrneBOAHbix KOMnoHeHTOB b 6eJiKOBOM 
MaTepMane. FlojiHoe OTcyTCTBMe ymeBOAOB 
6buio AoncuiHMTenbHO noATBep)KAeHO c 

HOMOLAbK) BblCOKO MyBCTBMTeJlbHOR M6T0AMKM 

6noTTMHra b jieKTMHe. HaTMBHyio m 
AemMKosMJiMDOBaHHyK) o>MTa3bi (no 1,5 mkt) 
noABeprajiM aneKTpoo>Dpe3y b craHAapTHOM 
nojiMaxpMJiaMMAHOM rejie c AOASUMJicynbqSaTOM 
HaTpMn Ann nepeHoca Ha MeM6paHy PVDF 
(Immobilon Miilipore)B 25 mM TpMC-mMi4MHOBOM 
6yo>epe pH 8,3 m 20% MeTaHone, b TeMeHMe 16 
h., npw 30B. 

nocne aToro MeM6paHy MHKy6MpoBaxiM c 1 % 
CbiBopoTOMHbiM ajib6yMMHOM KpynHoro pomToro 
cKOTa b o>oco>aTHOM 6yo>epHOM pacTBope, a 
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3aTeM c KOHKaHSBsmnH-A-nepOKcuAasofl (Sigma) 
b tom we 6yo>epe (10 mkt/mji). riocne aToro 
nepoiccMAa3y oKpawMBann 4-xnopo-1 -HaoVranoM 
o>MpMbi Sigma. 

3tot MyBCTBMTeribHbift MeTOfl Tarace He 

BblflBMJl OCTaTOHHUX ymeBOAOB B 

AernnK03nnnpoBaHHovi <J)MTa3e. 

riocne AemMK03MJiuposaHMfl otepMeHT 
no/iHocTbio yTpaMMBan aKTMBHOCTb, BepoaTHO 
BcneflCTBue arperai^nn ero Moneicyn. 

rtpviMep 3. OnpefleneHne aMWHOKMcnoTHofl 
nocneflOBaTejibHoc™ o>MTa3bi n 

KOHcrpyMpoBaHne ojinroHyKneoTMflHbix 30haob. 

A. OnpefleneHne N-KOHueBofl 

aMMHOKMCJlOTHOM nocneAOBaTenbHocTM. 

Omaay 3neKrpoo>opeTMMecKviM mctoaom 
nepeHocujin M3 nonMaicpMnaMMAHoro rena c 
AOflei^MJicyjibcfaTOM HaTpwfl hjim Tararo we rena 
Ana M303JieKTpo<tx)KycMpoBKVi Ha MeMGpaHy. 
3neKTpo6noTTMHr ocymecTBnanM a 10 mM LJAPK 
(3-L^kiKnoreKcnnaMMHo-nponaHcyjib4x3HOBoR 
KucnoTe) b cfeopMe 6ya>epHoro pacTBopa c pH 
11,0 b npMcyTCTBMH MeTaHona (10% b 

OO^eMHOM COOTHOlUeHHkl) Ha npOTfl)KeHMM 16 m. 

npM 30 B h 4°C. 

noKann3aL\Mto 6enKa onpeAenann c 
noMOu^bio oKpacKM xyMaccM 6pnnnwaHTOBbiM 
cmhmm. CooTBeTCTByioinyio nonocy Bbipe3a/in M3 
rerm, o6ecu,BeMMBanM b MeTaHone m noABeprann 
ra30c|3a30B0My ceKBeHnpoBaHMK). 3iy 
npoueAypy noBTopn/iM HecKonbKo pa3, 
ncnojib3yfl HecKOJibKO OTAenbHbix o6pa3upB. 
nonyMeHHbie b 3tom nccn eAO Ba h m m pe3ynbTaTbi 
npMBeAeHbi Ha pucyHKe 1A 

(nocjieAOBaTe/ibHOCTM An B). 

OAHOBpeMeHHO onpeAenann 
aMUHOKucnoTHyio nocneAOBaTenbHocTb oentca c 
MoneKyrmpHofi Maccofl 100 Kfla, KOTopufl 
npucyTCTBOBan b HeoMnu^eHHbix npenapaTax. 
3tm AaHHbie npeACTaaneHbi Ha o>ir.22, 23. 

PaCLLIHCfpOBaHHafl T3KMM o6pa30M 

nocneAOBaTe/ibHOCTb aMHHOKncnoTHbix 
ocTaTKOB xapaKTepn3yeTCfl 3HaMMTenbHOfl 
creneHbio roMonorviHHOCTM 
nocneAOBaTenbHocTM KMcnoR o))occ>aTa3bi, 
KOTopaa 6bina BbiAeneHa H3 Aspergillus niger 
(MacRae et aL, 1988, Gene, 71, 339-648). 

B. OnpeAeneHue BHyTpeHHMX 
aMUHOKMcnoTHbix nocneAOBaTenbHOcreM. 

cpparMeHTai^nfl 6enKa unaHoreH-6poMMAOM. 

OMHlA6HHyK) AO TOMOreHHOrO COCTOflHMfl 

4>MTa3y c noMombK) ynbTpau,eHTpM(}jyrv!poBaHMfl 
nepeHocunn b 100 mM NaHC0 3 , Mcnonb3ya 
MHicpoKOHL^eHTpaTop Centricon 30 (Amicon). 
flocne 3Toro 6enoK nnoq^HnMSMpoBanvi, 
pa3BOAnnn b 70%-hoH TpMO>TopyKcycHofl 
tcucnoTe (o6beMHoe cooTHOUJeHMe) n 
nHKy6npoBann c 300-KpaTHbiM MonapHbiM 

M36blT0HHblM KOnHMeCTBOM CNBr B TOMeHUe 6 M. 

PeaKi^MK) ocTaHaB/inBann, pasoaannft 
kiHKyoai^noHHyK) cucTeiwy boaoR. nonyneHHbie 
({jparivieHTbi cHOBa nno4)nnn3npoBann. riocne 
3Toro npo6y pa3BOAMnn b oycbepe Ann 
3net<Tpoc)Dope3a b nonnaKpunaMHAHOM rene c 
AOAei4Hncynb4)aTOM HaTpna, coAep>KaBiueM 
ATT (AHTMOTpeuTon), m c noMOi^bio yica3aHHOfi 
3neKTpoo>opeTHMecKoft mgtoamkm oi^eHMBann 
cTeneHb Q>parMeHTau,nn. flnn aHannTnMecraro 
aneKTpoo))Ope3a b nonitaKpunaMUAHOM rene 
ncnonb30Bann annapaT Phast System 
(Pharmacia) m 20%-renb c AOAeu,wncynbO>aTOM 
HaTpnn. C i^enbK) noBbiujeHMf? 3a>o>eKTMBHOCTH 
pa3AeneHum Manux nenTMAOB npeAeapMTenbHo 
npoBOAnnw sn e kt po0ope 3 6e3 aHariM3HpyeMbix 
npo6, nonynafl HenpepbiBHyio 6yo>epHyio 
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CMCTeMy Ann AaHHoro rena (b cooTBeTCTBUM c 
MHCTpyKunert). rienTMAbi onpeAen«nvi motoaom 
oKpaiunBaHMfl cepe6poM, kotopuW ujmdoko 
ncno/ib3yeTCfl B aHanorviMHbix cnyMsmx, 
nocKonbKy OKpacxa KyMaccM 6pnnnnaHTOBbiM 
cmhum He noaBonnna BbiwanflTb caMbie Menxvie 
nemnAbi. Pe3ynbTaTOM onncaHHoA npoi^eAypbi 
6bina nojiHaw AerpaAauvifl 0>viTa3bt, 
pacnaAaBiueMCfl Ha nemnAbi c MoneKynnpHoH 
MaccoA Menee 2,5, 36, 57 m 80 Kfla. 

3th nenniAbi BbiAenjuiw mctoaom 
ra30o>a30Boro ceKBeHvipoBaHMn b ycnoBkinx 
3netapoo>ope3a b nonuaicpwiaMUAHOM rene c 
tphuhhom vi AOAeu,nncynbo>aTOM HaTpvin, KaK 
onucaHO Schagger & Jagow (1987, Anal. 
Biochem. 166, 368-379), nocne nero npoBOAwnn 
aneKTpoonoTTMHr b cooTBeTCTBUM c paHee 
onucaHHofi npoueflypOM. 

N-KOHL^eBaw nocneAOBaTenbHocTb 
4)parMeHTa c MoneKynnpHOft MaccoR 57 Kfla 
OKa3anacb KAeHTHMHoR TaKofi Ke 
nocneAOBaTenbHocTH 4)HTa3bi, iok oHa 6bina 
onucaHa Ullah (1968b, Supra), c TeM 
MCKntoMeHneM, mto b yiosaHHOM o^parMeHTe 
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nepBbie neTbipe 
ocTaTKa (4)nr.1. 
B). N-KOHueBbie 
nenTHAOB c 
MoneicynnpHbiMH MaccaMki 2,5 Kfla n 36 Kfla 
noKa3aHbJ Ha Q>nr.2 (nocneAOBaTenbHocTM A n 

B). 

B. OnwroHyKneoTMAHbie 30Hflbi. 

KoHCTpynpoBaHne onnroHyicneoTMAHbix 
30HAOB ocyu4ecTBnnnvi Ha ocHOBaHuu AaHHbix o 
nocneAOBaTenbHocTM aMMHOKMcnoTHbtx 
ocTaTKOB (4>nr.1,2). Hx nonynann b 
CHHTe3aTope flHK Applied Biosystems ABI 380 
B. 3tm onuroHyKneoTMAbi noxaaaHbi Ha 4)nr.4-7. 

npMMep 4. rn6pnAH3ai4Mfl reHOMHbtx 
KownneKCOB n reHOMHbix 6n6nnoTeK c nepBbiM 
Ha6opoM onuroHyKfieoTMAHbtx 30HAOB. 

TeHOMHbie flHK A.ficuum BbiAenjuiM nocne 
M3MenbHeHkifl uv\\\em?\ b >kviakom o30He, 
ncnonb3yfl cTaHAapTHwe mctoamkm (b 
MacTHocTM, MeTOAMicy Yelton et al., 1984, 
Proc. Natl. Acad. CUJA, 1470-1474). TeHOMHyio 
6n6nnoTei<y KOHCTpynpoBann b 

BeKTope-6aKTepnoQ>are nflM6A9 EMBL 3, 
ncnonb3y« nacTUHHO nepeBapeHHyio Sau3A 
xpoMOCOMHyio flHK lUTaMMa NRRL 3135 

A.fiCUUm (B COOTBeTCTBUM CO CTaHAapTHOfl 

npoL^eAypoR, onucaHHofl b PyKOBOACTBe no 
naoopaTopHOMy KnoHnpoBaHHK) Moneicyn 
/Maniatis et al., Molecular Cloning: A 
Laboratory Manual. Gold Spring Harbor Lab. 
N4. , 1982/). nonyMeHHafl TaKMM o6pa30M 
reHOMHaw 6n6nMOTeica coAepacana 
60-70-KpaTHoe KonnnecTBo reHOMa A. ficuum. 
KoHTponb 6n6nnoTeKM Ha HannHMe 6n«ujeK 6e3 
BCTaBKM ocyu^ecTBnflnn nocpeACTBOM 
rn6pnAH3au.nn c 6onee 3aKpbiTbtM opparMeHTOM 
o>ara nflM6Aa EMBL 3A. rn6pHAH3ai4Hfl Gn&ujex 
c 30HAOM n»M6Aa EMBL 3A He npesbiujana 1%. 
Pa3Mep BCTaBKM cocTaBn«n 13 - 17 

KVtnOOCHOBaHMH. 

flnn BbmcHeHH« ycnoBHf^ h cbo^ctb 30haob, 
Heo6xoAHMbix AnK CKpHHHHra reHOMHOft 
6H6nHOTeKH, reHOMHyio flHK nepeBapHBann 

HeCKOnbKHMH peCTpHKl^HOHHblMH QbepMOHTaMH, 

pasAennnn Ha arapo3e h noABeprann 6noTTHHry 
Ha Genescreen b cootbotct b h h c yicasaHMflMM 
npeAnpMflTMfl - HsroTOBMTenfl. nonyMeHHbie 
npenapaTbi rvi6pHAH3HpoBanHCb co BceMH 
onnroHyKneoTHAHbiMH 30HA3MH. rn6pHAH3auHKD 
npoBOAHJiH b ycnoBHnx, OTnuMaBiuuxca 
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CTeneHbK) nMMMTHpOBaHHOCTH (6 X SSC, OT 40 

AO 60°C Ann rvi6pnAH3au,vivi m AO 0,2 x SSC ripn 
65°C An « npoMbisaHUfl). flnn cxpuHUHra 
reHOMHOfl 6n6nnoTeKM 6binn Bw6paHbi 30HAU 
1068 w 1024 (cj>nr.4,5), xoTn o6iu,ne cfcparMeHTbi 
flHK, KOTopue cnei4nct)MMecKvi 

ru6pnAH3upoBanncb 6bi c o6ohmh 30HAaMn, He 
o6Hapy>KeHbi. 3oha 1025 Ann KwcnoB 
0occ})aTa3bi (c})nr.8) fxasan cneu,nct>nMecKvi& 
AktcKpeTHbiR cm man rM6pwAM3ai^MM, b cb«3h c 
MeM oh 6bin Bbi6paH aha cxpuHMHra reHOMHOfi 
6n6JinoTeKH KHcnofl cfcoccfcaTasbi. 

npuMeHeHne ecex Tpex 3ohaob nosBonvuio 
BURBMTb b reHOMHofl 6w6nnoTeKe 
rn6piAAH3npy»OLi4necfl 6nnuncM. 
rn6pnA^3aMvioHHbif1 cm man, cooTBeTCTsyioiuMfl 
30Hfly 1025 (KMcnofl cfxxxfcaTaae), 

XapaKTepH30BanC« BblCOKMMH MHTeHCHBHOCTblO 
H BOCnpOH3BOAMMOCTbK5. 3oHAbi 1024 M 1068 

AaBaiiu rn6pMAH3aunoHHbie cumanbi 
nepeMeHHOH mktghcmbhoctm, 
xapaKTepn30BaBLUne CBofiCTBa (jMrasbi. 
flepeKpecTHbie peaKu.nu Me>KAy o6enMM 
cepuflMM He Ha6nK)Aaiikicb. Bbin npoBeAeH 
noBTopHbifl cKpMHMHr Bcex Tpex cepKfl 6nnujeK, 

M3 BOCbMH OAMHOMHblX, CnOC06HblX K 

rn6pnAH3aM^n onnujeK, 6binn BbiAeiieHbi jD|HK 
(Maniatis et al., supra). B Ka^qoM cepnn 
6bjnn nfleHTncf)ni4npoBaHbJ uiOHbi, 

coAepxcaBUJvte MAeHTMHHbie 
rn6pnAM3i4py»oinMecfl c^parMeHTbi. 3to 

CBM AeTe/1 bCT ByeT O TOM , MTO BCTaBKM , 
HMeKDlHHeCfl B 3TMX KTIOHax, MOryT M3CTHMH0 

nepeKpbiBaTbCfl b npeAenax oahoR h toA we 
o6nacTH reHOMHoB flHK. Oah3ko h b otom 
cnynae nepeKpecTHan rn6pnAH3amtn 
OTcyTCTBoaana (npn ncnonb30BaHnw Asyx cepuft 
cneuMct)HMecKMx sohaob (J>UTa3bi 1024 M 1068). 
TaxviM o6pa30M, HecMOTpn Ha to, mto 06a 
30HAa, Mcnonb30BaBuunec« Ann BbiAenenun 
AByx cepvifl khohob, 6wnn nonyMeHu M3 
N-KOHL^eBoPi nocneAOBaTe/ibHOCTM 6ejiKa, 

HA6HTMCpMUHpOBaJlHCb H KflOHMpOBaJIMCb 

pa3Hbie 4>parM6HTbi reHOMHofi flHK. 

Bee Tpn cepuM khohob rn6pnAH3MpoBanncb c 
6nniUKaMki, coAep)KaBUJMMM mPHK, 
BbiAe/ieHHbiMki H3 aKTUBkipoBaHHoro \a He 
aKTMBupoBaHHoro MMi^envin (Northern blots, 
npwwiep 6). KnoHbi, cneu,MC|)UHHbie Ann kmcjioB 
4)oc4)aTa3bi, a TaioKe BbiAeneHHbifi M3 sthx 
KnoHOB BHyTpeHHMfl qbpanweHT Sal 1 AnnHOM 3,1 

KMJlOOCHOBaHMR, rvi6pkiAtf3kipOBancn 
ncKnHDMMTeribHO c o6pa3uaMM nHAyu,npoBaHHoft 

MPHK. HAeHTMC^HL^MpOBaHHafl C nOMOLi^bK) 

cneL;ncf)kiHHbtx Ann KMcnoft cfK>ccf)aTa3bi 30haob 
mPHK kiMena AnnHy npw6jiH3HTenbHO 1800 
ocHOBaHutf , mto cornacyeTcn c M3BecTHbiMM 
pa3MepaMn 6enKa (68 Kfla no aphhum 
Uilah & Cummins 1987, Prep. Biochem., 
17,397-422). rn6pMAki3au l Mn cneu,M(t)HMHbJX Ann 

(|)MTa3bl IO10H0B CO Cnei4MC|)MHeCKMMH mPHK 

oTcy TCTBOBana . B cba3m c 3TMM ubi npnuj/iw k 
BbJBOfly o tom, hto BbiujeonncaHHan iweTOAMKa 
He no3BoiiRna KfiOHnpoBaTb ren, KOAnpyjou^nfl 
(pmazy. flpyrofl buboa coctowi b tom, mto 

HeB03MO>KHOCTb HCnO/lb30BaHMfl 3Toro MeTOAa 

Ann 3to^ L^enn He 6btna CBnsaHa c ero 
HecocTonTejibHOCTbK), nocKOJibKy ero c ycnexoM 
ncnonb30Bann Ann KnoHnposaHnn reHa, 
KOAHpyJomero Kvicnyio ctxx4>aTa3y. KnoH 
JinM6Aa, coAep)Kau4MA reH kucjio^ 4>ocqbaTa3bi, 
6bjn nepeAaH na xpaHeHkie a L|eHTpanbHoe 
6iopo rpw6KOBbrx icynbTyp b BapHe, HuAepJiaHAbi 
(Centraal Bureaen voor Schimmelcultures, 
Baam, Netherlands) 24 anpenn 1989 r. , tab 
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eMy 6btn npncBoeH BxoAnu^vifl HOMep CBS 
214.89. Us 6nnujKVi Z1 , 6 bin BbiAe/ien 4>parMeHT 
Bam H1 AnviHoft 10 KMnoocHOBaHHfl, KOTopuB 
KnoHnpoBanM b pUC19. 3tot noAKnoH BKntonaeT 
nonHuft reH, KOAHpyiou^H^ Kvicnyfo 4>oc4)aTa3y. 
noAKnoH, saKOAnpoBaHHu^ KaK 1-1 (cfur. ), 6 bin 
nepeAaH Ha xpaHeHvie 24 anpenn 1989r. m 
nonynwn HOMep CBS 213.89. 

npwMep 5. BbiAeneHne reHa, KOAMpyjoinero 
cf)MTa3y, c ucnonb30BaHneM BTOporo Ha6opa 
onwroHyKneoTMAHbix 30HAOB. 

30HABI KOHCTpynpOBa/IM Ha OCHOBaHMM 

AaHHbix o nocneAOBaTeribHOCTH N-KOHqeBboc 

aMUHOKMCnOTHblX OCTaTKOB b nemnAHbix 

cJ)parMeHTax, nonyMeHHbix nocpeACTBOM 
nepesapMBaHMn CNBr (c})Mr.6,7, aoHAbJ 1295, 
1296 m 1297), m rvi6piwi3MpoBanM c reHOMHO* 

flHK, K3K OnucaHO BblUJe. IlpMeMJieMOCTb 3THX 

30HAOB Ann BbiAeneHkin KOAnpytou^ero c^kiTaay 
reHa CHOBa OLjeHMBanu nocpeACTBOM nx 
rn6pnAM3aL^nn c reHOMHbiMU kom rmeKcaMM 
(Southern hybridization). Ha stot paa, npw 
McnonbsoBaHMn Bcex Tpex sohaob 6binn 
nonyneHbi rvi6pMAM3aL(MOHHbje c^parMeHTbi 
cooTBeTCTBywu^eft AnnHbi, HecMOTpn na to, mto 

30HAbl 6bU1M CKOHCTpyMpOBaHbl Ha OCHOBaHMH 

nocneAOBaTe/ibHocTeft HenepeKpbiBaiou^HXcn 
o6nacTeA. rn6pMAM3aL\Mn Me)KAy hobwm 

Ha5opOM 30HAOB M KHOHaMH, BblAeneHHblMH c 

noMou^bio nepBoro Ha6opa, oTcyTCTBOBajia 
(npuMep 4). nosTOMy 6binn npoBeAeHbi 
cnei^kianbHbte aKcnepuMeHTbi c uenbKD 
noBTOpHoro CKpuHMHra reHOMHOft 6n6xikiOTeiai c 
Mcnonb30BaHkieM Bcex Tpex 3ohaob. 
YcTaHoaneHa TatoKe m6pnAM3aL^Mn noArpynnbi 
KnoHOB (nnM6Aa AF 201, 219. 241 m 243), 
BbiAeneHHbix c noMOUjbio OAHoro M3 sohaob, c 

KaKAbIM M3 AByX APyrUX 30HA0B. 3to TOBOPMT 0 

tom, mto npn ncnonbaoBaHMn Tpex paankiMHbix 
30HAOB 6binn BUAeneHbi unoHbi M3 oahoR h toC^ 
>Ke o6nacTn reHOMa. Ebina npeAnpuHnra 
nonbiTtca npoBecTn rki6pMAH3au,M>o BHOBb 
BbiAeneHHbrx khohob c 30HAaMM 1024 n 1083. B 
o6onx cnyManx rw6pnAM3aunn c hobumm 
KnoHaMM oTcy TCTBOBana B ycnoBunx, npw 
KOTopbDC o6a 30HAa AQBann rn6pnAbi c iuioh&mh, 
BbiAeneHHbiMH c mx noMOU4bK) (cm. npMMep 4). 
3to noKa3biBaeT, mto BHOBb nsonnpoBaHHbie 
KnoHbi 6binn HeroMonorviMHbi 30ha3m M3 
N-KOHU,eBOM nocneAOBaTenbHocru 4)HTa3bi. 

KnoH nnM6Aa - EMBL 3, KOTopwft 
rn6pMAH30Bancn co BceMU TpeMn aoHAaMki 
(1295, 1298 n 1297), nonyMnn HanMeHOBaHwe 
nnM^Aa - AF201 (cfwr.9). Oh 6bin nepeAaH Ha 
xpaHeHkie 9 MapTa 1969 r. n nonyMnn HOMep 
CBS 155.89. 

OparMeHT Bam HI KnoHa AF201 AnMHOft 5,1 

KVinOOCHOBaHUM, Cy6KnOHI4pOBaHHbM b p(JC19 14 

o6o3HaMeHHbiR KaK pAF 2-3 (cm. Qbnr.9), A3Ban 
rn6pnAbi co BceMU TpeMn onuroHyicneoTMAHbiMM 
soHflaMU m 6wn ncnonb30BaH Ann 6noTTHHra. B 
gthx 3Kcn e p n m eH Tax 6bina BbiAeneHa 
AUCKpeTHan mPHK AnMHO^ 1800 
KunoocHOBaHiiR. 3Ta mPHK npucyTCTBOBana 

TOnbKO B aKTHBUpOBaHHOM MHL^ennn. CxoAHbie 

peaynbTaTbi 6buiM nonyneHbi npn 

MCnon b30BaHMM B KaMeCTBe 30HAOB 

onnroHyKneoTMAOB. nosTOMy, ncnonbayn hobu^ 

Haoop 30HA0B, MASHTMCfUL^MpOBanH o6u4Mfl 

cppanvieHT flHK, KOTopuft cnequcpHMecKM 
rM6pMAH3npyeTcn c nHAyunpoBaHHoft mPHK. 
flnnHa 3TO« PHK (1800 ocHOBaHkifl) AOCTaTOMHa 
Ann KOAnpoBaHun 6enica c MoneKy/inpHoR 
Maccofl nopnAKa 60 Kfla, t. e. npMMepHO Toro 
we paaMepa, mto m HernnKosnnnposaHHufl 
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6enoK. OHeBHAHO, hto Bbwe/ieHHbie <J>parMeHTbi 
C0Aep)KaT no KpaPiHePi Mepe MacTb reHa, 
KOAupy torero cfcuTasy. 

(IpMMep 6. BbmeneHne M MHflyi4npoBaHHOfl M m 
'HeMHflyijvipOBaHHofl" mPHK. 

H3 nuTepaTypw M3BecTHO, hto 6uocuHTe3 
cf)MTa3bi b Knencax A.ficuum cTporo 
KOHTpojinpyeTcn 3aBucnMbiM ot $oc$aTa 
MexaHH3MOM (Han and Callagher, 1987, J. 
Indust. Mecrobiol., 1, 295-301). B cba3Vi c 

3TMM Mbl CHMTaJIM, HTO, nOK83aB HaflMMHe 

cxoAHoro MexaHH3Ma perynfli4nn BbiAenenHoro 
reHa, Mbi nonynwM AOKasaTenbCTBO 
KnoHnpoBaHMn 3Toro reHa. 

flna Toro, HT06W Bbwenmb mPHK, 

CMHTe3MpOBaHHyiO B npOflyKTHBHbK M 

HenpoAyKTMBHbix ycnoBunx, KneTKM A. ficuum 
(LUTaMM NRRL 3135) BbipamuBanw cneflyjou^nM 
o6pa30M. CHanana b TeneHue hohm cnopbi 
npopaiMUBann b HeHHAyu^ipyiometf cpefle. Ha 
cneAyiCLUHtf A^Hb co6wpann Mnu,ennfi, 
OTMbiBa/iH ero cTepuribHotf boaoA m 
HHOKynnpoBann b aKTHBupyioinyjo wjih 
HeaiauBMpyKDinyK) cpeflbi cneAywmero cocTaBa: 
20 r/n KyKypy3Horo KpaxMana; 7,5 r/n 
m»OK03bi; 0,5 r/n MgS04»7H20; 0,2 r/n 
FeS0 4 «7H 2 0 m 7,2 r/n KH0 3 . Rnn MHAyKL\MM 
0nTa3bj b cpe^y Ao6asnRnn ao 2 r/n KyKypy3HoR 
BbiTflKKH, Torfla KaK HenHAyL|MpoBaHHafl cpeAa 
coAepxcana 2 r/n K 2 HP0 4 . Mtinennfi 

Bbipau4MBann Ha npoTfOKeHMu no MeHbwefi Mepe 
eu^e 100 h., oTGnpaq npo6bi nepes 
onpefleneHHbie npoMe)KyTKM BpeMeHM. 

DpOAyKUMK) 0>MTa3bl KOHTpOJlMpOBaJlH C 

noMou^bio M8T0AHKM ee onpeAeneHMfl, 
onucaHHO^ b npuMepe 2A. fleHaiypupoBaHHyKD 
mPHK oTAe/iRnn nocpeACTBOM sneiapocfeopesa 
m kicno/ibsoBa/iM Ann GnoTTMHra Ha Genescreen 
plus. nojiyMeHHbie nfl-ma rn6pMAM3MpoBajivi c 
MeneHHbiM 32 P pAF 2-3 hjim c H3onnpoBaHHbiM 
M3 pAF 1-1 cj)parMeHTOM Sail AnwHofl 3,1 
KvinoocHOBaHUM us npuMepa 4 (Ann kucdom 
a>occf)aTa3bi). Pe3ynbTaTbi aToro sKcnepwMeHTa 
npeACTaaneHw b Ta6n.2. 

riono)KMTeiibHyio rn6pMAH3au,MK) 
cnei^Mct)HHHoro Ana qbMTa3bi (fcparwieHTa Bam HI 
AhuhoW 5.1 KwnoocHOBaHM^ n cneu,na>MHHoro 
Ann Kwcnotf Q>oco>aTa3bi cfcparMeHTa Sail 

AHMHO^ 3,1 KUnOOCHOBaHMM C M30nklOOBaHHOA 

mPHK Ha6jiK)Aa/in TonbKO b Tex cnynanx, KorA9 

KJieTKH BbipaiUMBajlMCb B yOlOBHHX, 

HHAyi^Mpyioinvix 6nocnHTe3 4>MTa3U m KVicnoR 
cJxxx{)aTa3bi. Ha ocHOBaHMM otmx pesynbTaTOB 
6bin CAenaH buboa o tom, hto BbiAeneHHbie 
reHbi pery/iMpyiOTCfl nocTynnpoBaHHbiMW Ana 

4)HT83bl M KklCTIOH 4)OC0aTa3bl MexaHM3M3MH. 

rn6pnAH3aunyi njrreH co cnei^ncpHMHbiM Arm 
G>MTa3bi 4>parMeHTOM BamHI AnirfHofl 5,1 
KkinoocHOBaHM^ (A) kuiki cnei4na>iHHbiM Ann 
KHcnofl $oco>aTa3bi $parMeHTOM Sail ahmho^ 

3,1 KMJlOOCHOBaHUft (B), HCn0Jlb3OBaBLUHMMC3 B 

KanecTBe sohaob. 3h3k +a yica3biBaeT Ha 
npucyTCTBwe mPHK o>MTa3bj a/whoA 1800 
ocHOBaHuft nnn mPHK Kucnotf cfxxxfaTasbi 

AHUHOfi 1800 OCHOBaHMfi. OTHOCMTe/lbHytO 

c{)HTa3Hyio aKTHBHOCTb onpeAejiflfiM b npooax, 
nonyHeHHbJx nepe3 24 h. nocne Hanana 

Ky/lbmBHDOBaHklfl. B aKTMBUpOBaHHblX 

Ky/ibTypax c})MTa3Han aKTHBHOCTb 6bixia b 10 paa 

BblLlje, HeM B HeaKTMBMpOBaHHblX. 

npuMep 7. floKasaTenbCTBO KnoHnpoBaHMW 
reHa 0nTa3w. 

flnn nonyHeHMfl oeccnopHoro 
AOKasaTenbCTBa ycneujHoro BbtAeneHUfl 
KOA^ipyK)Li^ero cf)HTa3y reHa m M3yHeHna 
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B03MOKHOCTH noBuujeHnw ypoBHfl ero 
SKcnpeccMM, qtot reH cy6fcnoHnpoBann b 
cooTseTCTByiou^eM Beiaope m 

TpaHcxfcopMMpoBariM B A.niger 402 (ATCC 9092). 
C 3toR L^enbio BbiAenanM reH cfcuTasbj via KnoHa 
n^M6Aa AF201 b 4>opMe q*)parMeHTa Nrul 
AnuHOft 10 KvinoocHOBaHnfl m npoBOAnnn ero 
KnoHnpoBaHne b ca^Te Stul Beicropa pAN 1-8, 
KOTopbift b xanecTBe MapKepa ceneKTM bhoctm 
coAep>KMT reH ble, ooecneHHBajoiuMfl 
ycTo^HUBocTb k c^neoMMi^kiHy (Mattem J.E. and 
Punt P.J., 1988, Fungal Genetics Newsletter, 
35, 25). nonyHeHHbiR MaTepnan no/rynwi 
HanMeHOBaHne pAF 28-1 (cj)nr. 9) n 6bin 
TpaH(x$xopMMpoBaH b A.niger 402 c noMou^bK) 
MeTOAMKM, onucaHHofl b npuMepe 9, c TeM 
MCKmoneHneM, hto npoTonnacTbi HacnaMBanw Ha 
MMHMMaribHyio nnTaTeribHyfo cpeAy A"« 
Aspergillus, b KOTOpyK) AooaanflJiM 30 mkt 
cfineoMML^MHa/MJi, m OTBep>KAanM npuMecbHD 
0,75%-Horo arapa. OrAenbHwe TpaHC<t)opMaHTbi 
nocne BbiAeneHun noABeprann OHHCTKe w 
oueHMBanw mx npoflyKTHBHocTb bo 
BCTpnxidBaeMbix Konoax, KaK onucaHo b 
npMMepax 1 n 2. B KanecTBe kohtdojih 
ncnonb30Bann TpaHcctJopMaHTw, coAepxaBiune 

TOJIbKO BeKTOp, HUM HeTDaHCCjXDpMktpOBaHHbie 

KneTKH-xoafleBa (Ta6n.3). Ebino ycTaHoaneHO, 
hto 4)HTa3a, pearvipoBaBLuafl co 

CneL4M4)MHeCKMMM MOHOKnOHa/lbHblMM 

aHTHTenaMM k c>MTa3e A.ficuum, 
CMHTe3MpoBaxiacb ToribKO A. niger 402, 
coflepwa m,n m h pAF 28-1. 0epMeHT, AaBaBUJMfi 
peaiqMio c yKasaHHbiMki aHTMTenaMM, 
3/iK>MpoBanki c kojiohkm Ann 
MMMyHHO-ao>o>iHHoR xpoMaTorpacpkiM npti pH 
2,5. no MoneKyjiflpHofl Macce, cTeneHH 

r/ll4K03HnklpOBaHMH, L4303JieKTpt1HeCKOR TOHK6 \A 
yAe/lbHOW aKTMBHOCTH OH 6bUl HeOTJlMHMM OT 

4)kiTa3bi H3 A.ficuum. 3tm AaHHbie co BceA 
oneBMAHOCTbio n oat Be p>KAa iot , hto b KneTKax 
A.niger 402, TpaHco>opMMpoBaHHbix pAF 28-1, 
MMeeT MecTO 3Kcnpeccnfl o>MTa3bj t npafcrvmecKvi 
MAeHTHHHoB qbepMeHTy M3 A.ficuum. 
AHanorviHHafl 3Kcnpeccnfl b o6omx TMnax xneTOK, 
cnyoKMBLUMx KOHTDO/ieM, He 3aperncTpnpoBaHa. 

LLlTaMMbl rpMOOB Bbipau^MBa/iM B 
aKTUBMpyioiMeM cpeAe (npuMep 6). 

llpo6bi oT6npann nepe3 96 h nocne Hanana 
KynbTMBupoaaHHR. 

DpMMep 8. XapaKrepucTMKa reHa qbnTa3bi. 

KnoHbi nnM6Aa, coAepxoBUJvie reH o>MTa3bi, 
aHann3npoBann nocpeACTBOM nepeBapHBaHMfl 

pa3nMMHblMM peCTpHKL^iiOHHblMH 4>epMeHT8MH. 

KapTa reHOMHO^ o6nacTki, BKnionaiou^eA reH 
4>HTa3bt, npeAcraBjiena Ha 4>Mr.9. 

PaHee (npviMep 5) 6bino noicasaHo, hto 
npncyTCTByiou4MM b pAF 2-3 cfpanweHT Bam HI 
AnnHoR 5,1 KvwoocHOBaHMR, coAepKMT no 
KpaflHeB Mepe nacTb reHa q*)MTa3bi. Bonee Toro, 
onnroHyicneoTHAHbie 30HAbi 1295 m 1297 
OKaaanncb cnoco6HbiMH m6pMAH3npoBaTbcn co 
BCTaBKoft Sail pAF 2-7 (cm. qbnr.6,7; 
nonoKeHkin khohob pAF 2 noicasaHbi Ha cpw.9), 
TorAa KaK 30 ha 1296, no-BkiAMMOMy, 
coeAMHfleTCfl c caflTOM Sail Me>KAy 
o>panvieHTaMM pAF 2-6 m pAF 2-7. Pe3ynbTaTbi 

3THX 3KCnepHMeHTOB noKa3biBaiOT, HTO 

KOAMpyiou^afl o>MTa3y nocneAOBaTenbHocrb 
noKann30BaHa b neBocTopoHHeR nacTM bctbbkm 
BamHI b pAF 2-3. 

B xoAe nocneAytou^kix nccneAOBaHM^ 6bina 
nonHocTbio paciunc>poBaHa HyicneoTHAHaw 
nocneAOBaTe/ibHOCTb BcraeoK nna3MHA pAF 2-3, 
pAF 2-6 m pAF 2-7. flnn 3TOfl i^enn 
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Mcno/ib30Bann MeTOAHKy npepbiBaHua 
AMAe30KCM-uenefl (Sanger et al., 1977, Proc. 
Natl. Acad. Sci. USA, 74, 5463-5467) m 
MeTOA^ixy 6oM6apAHpOBKM, onucaHHyfo Messing 
et al. (Nucl. Acids Res. 1981, 9, 309-321). 
CneijucfuMecKvie ojiMroHyKneoTMAbi 

CHHTe3MpOBanM Ha OCHOBaHMH AaHMboc o 

HyKneoTMflHOM nocneAOBaTenbHOCTM, 
nonyMOHHbix b npouecce ceKBeHnpoBaHMfl. 

nanHafl HyicneoTMAHafl nocneAOBaTe/ibHocTb 
KHOHOB pAF 2-3, pAF 2-8 m pAF 2-7, 
BiouoMaioinafl xpoMocoMHbi^ jioKyc reHa 
4)MTa3w, npeflCTaB/ieHa Ha c>mM1-17, a 
cxeMaTHMecKoe M3o6pa)KeHne noKyca - Ha 
0w\18. 

AHa/in3 cnoco6HocTM nonHofl 

nocneAoaaTe/ibHocTM KOAnpoeaTb 6anoK 
noKaaan, mto N-KOHi^eean nocneflOBaTejibHOCTb 

a M M H OKWCJIOTH blX OCTaTKOB B 

cc{XDpMkipoBaBLije^cfl MOJiexyne 6enica 

KOAMpyeTCfl HyKfieOTHAHblM yMaCTKOM, 

HaMUHaioiuMMCfl b nonoweHMM 381 (no AaHHbiM 
Ullah N-KOHeu noKann30BaH b nonoxennn 369). 
ycTaHoaneHo TaKxce, hto N-KOHtjeBbie 
nocneflOBaTeribHocTn BHyTpeHHkix nenniAHbrx 
4)parMeHTOB c MoneKyrmpHbiMH MaccaMM 38 Kfla 
m 2,5 Kfla (CM.c|)Mr.2, nocneAOBaTenbHOCTH B w 
A) KOAnpy»OTCfl HyicneoTHAHbiMM 
nocneAOBaTeiibHCDCTflMM, KOTopue HannnaiOTCfl 
B nonoweHMflx cooTBeTCTBeHHO 1101 m 1548. 
OTKpbiTafl cMMTbiBaeMan nocneAOBaTenbHocTb 
3aKaHMkiBaeTC5i HyKneoTHAOM b nonoweHHH 
1713. 

3th pe3ynbT3Tbi co Bcefi OMeBMAHOCTbio 
noATBep)KAaiOT HannMne KOflnpyjomeK cfcMTa3y 
nocneAosaTenbHocTM flHK b onwcaHHOM Bbime 

XpOMOCOMHOM noKyce. 

B cMMTUBaeMoft nocneAOBaTenbHocTM, 
npHMbiKaioLnefi k CHHTbisaeMoB 

nocneAOBaTe/ibHOCTM 3penoro 6enKa, b 
BocxoAflLi^eM HanpaaneHMM or xdomocomhc-H 
HyicneoTHAHO^ nocneAOBaTenbHOCTM, KOTopaa 
KOAnpyeT nonHyio MoneKyny c^nTa3w, He 
o6Hapy>KeH CTapTOBbifl ATG koaoh. TeM He 
iwieHee, Ha ocHOBaHMM cbo&ctb norpaHMHHofl 

Me>Kfly MHTDOHOM H 9K30HOM 30Hbl MOKHO 

nocTynnpoBaTb npucyTCTBue MHTpoHa Me>KAy 
HyicneoTMAaMM b nonoweHMHX 254 n 355. 3to 
no3Bon«eT npeAno/ioaoiTb Han mm He ATG KOAOHa 
B nojio)KeHMM 210 nocneAOBaTenbHocm, 
BKmonaioinefi nocneAOBaTenbHocTb Ann 
KOAnpoBaHMfl apenofl cfrnTaabi. PacneTHafl 
nocneAOBaTejibHOCTb aMWHOKMcnoTHbix 
OCTaTKOB b N-KOH146BOM ynacTKe nonHocTbio 

COOTBeTCTByeT 3aKOHOMepHOCTflM CTDOeHMfl 

nocneAOBaTe/ibHOCTH, oTBeTCTBBHHOfl 3a 
ceKpeTopHbifi cm man, KOTopaa owna 
ycTaHOB/ieHa von Heyne (Eur. J. Biochem., 
1963, 133, 17-21). 

Ana noATBep>KAeHMfl BbiCKa3aHHbix rvinoTe3 
6bina npeAnpuH^Ta nonbmca BbiAenMTb KflHK 
c})MTa3bt c noMOujbio aMnnn4)HKai4Mn 
cnei^McfuMecKoR saTpaBKOtf , c ncnonb30BaHneM 
b KanecTee MaTpni^bi o6mefl nonyjiaLjHM 
MPHK/flHK. flpoi^eAypa BUAeneHHfl onncaHa 
HV0K6. 

BbiAeneHMe nonn-A* PHK M3 Aspergillus 
ficuum. 

06"myio PHK BbiAena/iM H3 lUTaMMa NHHL 
3135 A. ficuum, KynbTUBkipoBaBLuerocn b 
aicrviBkipyiou^e^ cpeAe, kbk onkicaHo b npHMepe 
6. Cyxofl MML^ennfl 3aMopa>KviBann b khakom 
a30Te m n3MenbMann. nocne aToro nopoujOK 
roMoreHM3npoBann b roMoreHvi3aTope 
uetra-Furrax b TeneHne 1 mmh npn 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



MaKCMMa/lbHOft CKODOCTM B 3 M ZiCI M 6 M 

MOMeBMHe npw 0°C. r oMoreHBT ocTaan«Jin Ha 
HOMb npw 4°C, Kax onwcaHo Auffrey and 
Rougeon (Eur. J.Biochem., 107, 303-314, 
1980). 06i^yio KneTOMHyio PHK nony^ann nocne 
UeHTpnc})yrMpoBaHM« npn 16000 g b TeneHMe 30 
mhh m abvx nocneAOBaTexibHbix SKCTpaKmiW 
cMecbio 0eHona, xnopocfopMa m MSoaMnnoBoro 
cnnpTa (50:48: 2), PHK oca>Kflajin STanonoM m 
pa3BOAMiin b 1 mji 10 MM TpMO-HCI 6ycf)epa (pH 
7,4) c 0,5% AOAei^nncynbcjjaTOM naTpMfl. Rnn 
OTDopa nonn-A* PHK o6myK> PHK nporpeBanM 
npn 60°C b TeMeHne 5 mhh, aoboamjih ao 0,5 M 
pacTBOpOM NaCI m HaHocunw Ha KonoHxy Ma 
onnro (dT>i4enniono3bi. nocne HecKOjibKHX 

npOMblBOK paCTBOpOM, COA^pJKaU^HM 10 mM 

Tpwc-HCI 6yct>ep pH 7,4 c 0,5% 
AOAei4nncyrib4)aTa HaTpHfl m 0,1 M NaCI, noxiw-A 
* PHK anioMpoBanH 10 mM Tpvic-HCI 6yc|»poM 
pH 7,4 n 0,5%-HbiM AOAeMnncynb4)aTOM HaTpun. 

PlonvMeHne KOMruieKca MPHK/KflHK. 

Ann CHHTeaa nepBOft hhth KflHK 5 mkt 
nonM-A* PHK pa3BOAH/iM b 16,5 mkxi H20 m 
AooaanRnn b nonyHeHHbin pacTBop cneAyiou^He 
KOMnoHeHTbi: 2,5 mkxi PHasMHa (30 eA/Micn), 10 
MKn 6yc{)epHoro pacTBopa c 50 mM Tpuc-HCI pH 
7,6, 6 MM MgCI 2 M 40 mM KCI; 2 Mtcn 1 M KCI, 
5 Mien 0,1 M ATT, 0,5 MKn onnro (dT) 12 -i8 (2,5 
Mr/win), 5 mkji 8 mM dNTP-mix, 5 mkh 
cbiBopoTOMHoro a/ib6yMHHa KpynHoro poraToro 
CKOTa (1 Mr/Mn) m 2,5 MKn peBepmBHOfl 
TpaHCKpunTasbi Moloney MLV (200 eA/Mn). 

CMecb MHKy6npoBann b TeneHne 30 mhh npn 
37 °C, peaiquio ocTaHaBJiMBanM AOoaaneHVieM 
10 MKn 0,2 M 3ATA h 50 MKn H 2 0. Ann 
aKCTpaKi^nM ncnorib30Banki x/iopocfx^pM, a nocne 
i4eHTpnc})yrnpoBaHHn k cynepHaTaHTy 
nocneAOBaTeribHO AooaanwriM 110 mkji 5 M 
NH4AC m 440 MKn GTaHona. KoMnneKC 
mPHK/kAHK oca>KAanii CMecbK) aTaHona c cyxMM 
TibAOM b TeneHne 30 mhh. OcaacAeHHbiH 
KOMnneKC co6npann nocpeACTBOM 
LjeHTpMcfcyrMDOBaHHfl, oTMbiBann 70%-hum 

dTaHo/ioM, oxnaKAeHHbiM ao 0°C, h 
pa36aanfljin 20 MKn H 2 0. 

KnoHMpoBaHne 4>parMeHTOB k^HK 4)vrra3bi. 

nocneAOBaTe/ibHOCTM KflHK, KOAHpy»ou^He 
(pwiasy, BbiAennnu c noMOU^bio L^enHOfl 
nonnMepa3Hofl peaia^MVi (UIIP) b cocTaBe AByx 
$parMeHTOB. Mcxoa^ hs KOA^pyiou^eA cf)HTa3y 
reHOMHoft nocneAOBaTenbHOCTM, noxaaaHHofl Ha 

4)Mr.11-17, KOHCTpyMpOBaJIM 

onnroHyKneoTHAHbie 3aTpaBKn: 

Oliga 1 :5' 

GGG.TAG.AAT.TCA.AAA.ATG.GGC.GTC.TCT. 
GCT.GTT.CTA-3 , 

Oligo 2:5' 
AGT.GAC.GAA.TTC.GTG.CTG.GTG.GAG.ATG. 
GTG.TCG-3' 

Oligo 3:5' 
GAG.CAC.CAA.GCT.GAA.GGA.TCC-3 , 

Oligo 4:5' 

AAA.CTG.CAG.GCG.TTG.AGT.GTG.ATT.GTT.T 
AA.AGG.G-3' 

Onuro 1 coAepwHT HyicneoTMAHyK) 
nocneAOBaTejibHOCTb, pacnono)KeHHyK) b 
HHCxoAnmeM HanpaBJieHHM ot cTapTOBoro 
KOAOHa ATG (b nono)KeHHflx 210-231) h 
4)naHKHpoBaHHyK) no 5-rpaHHue ca^TOM EcoRI. 
Onuro 2 coAepKHT HyicneoTHAHyio 
nocneAOBaTenbHocTb, HenocpeACTBeHHO 
npuMNKajoinyto k BoexoAflLAeMy kohl^ ca^Ta 
Sail (nonoKeHHA 1229-1109) h TaKxe 
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c})JiaHKvipoBaHHyio Aono/iHUTenbHbiM caflTOM 
EcoR1. Onuro 3 coagpjkmt HyKneoTHAHyio 
nocneflOBaienbHCXTb, noKajiM30BaHHyto phaom 
c cafiTOM Bam HI (nonoaceHMfl 845-866). Onuro 
4 coflep>KMT HyKneoTMAHyio 

nocneAOBaie^bHocTb, pacnonoweHHyio b 

HMGXOAfUMBM OT CTOn-KOflOHa (f>MTa3bl 

HanpaeneHnn (b nonoxeHMflx 1890 - 1867) m 

4)JiaHKVipOBaHHyiO AOnOJlHMTe/lbHblM caflTOM Pst 

1. 

LJenHyio nonnMepa3Hy»o peaiajMio 
ocyiMecTBHRnn b cootb6tctbmm c 
peKOMeHAauwflMu 4>kipMbi - kiaroTOBHT&rifl 
Tag-no/inMepa3bj (Cetus). B KaMecTBe MaTpnuw 
ncno/ib30BaJin pacTBop (1 ,5 Mxn), coAepwaiuMfi 
BtdUJeonncaHHbie rMopuAbi MPHK/KflHK, a b 
KaMecTBe 3aTpaB0K - onuro 1 m 2 (no 0,3 MKT 
xauKAOfl) B peaiqnu aMnnncfinKaL^nn N-KOHU,eBoR 
MacTM KflHK <pma3b\ m ojwo 3 n 4 b peaiqwn 
aMnjiMcJ)MKauMM C-KOHueBofl MacTM Tofi we KflHK 
(cM.cfnr.19,20). riocne AeHaTypai^nn b TeseHne 

7 mmh npn 100°C m Ao6aB/ieHMfl 2 ba 
Tag-nojinMepaaw peaKL^MOHHyjo ciwecb 
noABepra/iki 25 L^miaM aMnrwct>MKau,MM b flHK - 
aMnnn0MKaTope MOAerm Perkin-Elmer/Cetus 
(KawAbifl u,mkji no 2' npM 55°C, 3 npM 72°C, V 
npn 94°C. B nocneAHeM i^nnne oraAMK) 
AeHaTypauuM onycKa/iM. riocne nepeBapuBaHMH 
(Eco R1 An« N-KOHueBOM* nacTH KflHK m Bam HI 
ii Pst I Ana C-KOHtjeBofl MacTM KflHK) oo*a 
cfeparMewa KflHK KnoHupOBanu b 
cxxrrBeTCTByjoiMMe caMTbi pTZ18R (Promega). 

HyxneoTMAHbie nocneAOBaTenbHoc™ o6omx 
nojiyneHHbix cfcpanvieHTOB onpenermm m6toaom 
npepbiBaHvi^ A"Ae30KCM-L4eneH (Sanger, supra), 
ncnonb3y5i cMHTeTMMecKMe o/iMroHVKneoTMAbi, 

CKOHCTpyHDOBaHHbie Ha OCHOBaHMM A3HHWX o 

nocneAOBaTenbHOCTM xpoMocoMHoro reHa 
$MTa3bi. 3tm onuroHyKJieoTHflbi cnyxvuin 
3aTpaBKaMn, a b KanecTBe MaTpnubi npkiMeHRnvi 
o6u\yio aMnjiMCJwu.MpoBaHHyio flHK, a TaioKe 
KnoHkipoBaHHbie $parMeHTbt KflHK. 
nocneAOBaTe/ibHOCTb o6nacTM KflHK, 
KOAnpyK>wiefl 0MTa3y, m pacMeTHafl 
aMMHOKvicnoTHafl nocneAOBaTeribHOCTb stoto 
4)epMeHTa noxaaaHbi Ha 4>nr. 19,20. 

AHann3 nocneAOBaTe^bHocTM KflHK 
noflTBepAnn nocTynupoBaHHyio paHee 
noKajin3auMio MHTpoHa m noxa3aJi oTcyTCTBue b 
npeAenax xdomocomho& reHHoft 

nocneAOBaTexibHocTM Apyrux mhtpohob. 

TeH $MTa3bi KOAnpyeT nepBMHHbitf npoAyKT 
TpaHcnfli^nn, cocTOfliuMfi H3 467 

aMUHOKHCTIOTHblX OCTaTKOB, c MoneKyrmpHofl 

MaccoB 51091. ripoueccuHr nepBMMHoro 
npoAyKta c oTwanneHMeM cnmanbHoro 
nenTMAa, npuBOAUT k o6pa30BaHMio 3penoro 

6e/1Ka C (J)MTa3H0fl aKTMBHOCTblO, KOTOpblfi 

nocrpoeH m AM aMUHOKMcnoTHbix ocraTKOB npw 
MorieKy/inpHoA Macce 48851 mtim us 448 
OCTaTKOB (BK/iJOMafl 4 nepBbie ocTaTica, o 
KOTopbix coo6man Ullah) npn MOJieicyjiflpHofl 
Macce nop^Axa 49232. 

ripuMep 9. CBepxsKcnpeccufi (fci/iTasu b 
rpn6ax poAa Aspergillus nocne BBeAeHMR 
AononHi/iTertbHbix reHOMHbix 
nocneAOBaTeribHOCTeM flHK <£nTa3bi. 

KoHCTpynpoeaHne Beiaopa 3Kcnpeccnn. 

Bee aeKTopbi KOHCTpynpoBa/iM c noMOU^bK) 
cTaHAapTHbix MeTOAOB MOJiexynRpHoA 
6nonorvin, K3K onucaHO b PyKOBOACTBe no 
na6opaTopHOMy KnoHHpoBaHMio MoneKyn 
(Maniatis et al., Molecular cloning: A 
Laboratory manual. Celd spring Harbor 
Laboratory, NY, 1982). 
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Beiaop 3Kcnpeccnn pAF 2-2S nonyManu 
nocpeACTBOM cy6KjiOHnpoBaHkm 0parMeHTa 

flHK pVUII AnMHOM 6 KVUlOOCHOBaHM^ M3 

reHOMHoro KnoHa c^niasw nnM6p& AF201 b ca^T 
Sma I pUC19. nonyneHHafl TaKMM o6pa30M 
nna3MHAa 6bina o6o3HaMeHa ujmc^dom pAF. 2-2 
(cpHr.9). B KanecTBe MapKepa ceneKqHM Ann 
TpaHc4)opMMpOBaHHfl Aspergillus ncnojib30Bann 
cfjparMeHT flHK EcoR1/. Kpn1 nna3MHAbi pGW 
325 (Wernarsk. Thesis, Agr. Univ. 
Wageningen, Netherlands, 1986), coAepwamwtf 
roMonorviMHbiW reH amdS aspergillus nidulans. 
3tot 0parMeHT BCTaanRnn b ca^Tbi 
EcoR1/Kpn1 pAF 2-2. CnHTe3npoBaHHbifl TaKMM 
o6pa30M Beiaop SKcnpeccMH norryMnji 
o6o3HaHeHMe pAF2-2S. Oh noKa3aH Ha <})Mr.21. 

A. CBepxoKcnpecc^ifl $kiTa3bi B A.ficuum 
NRRL3135. 

nna3MHAy PAF2-2S HHTpoAyi^npoBann b 
KneTKVi UJTaMMa NRRL 3135 A.ficuum c 

nOMOLAblO MeTOAHKM TpaHCCtXDpMat^HM, 

onvicaHHOft Tilbum J. et al., (Gene, 1983, 
26, 205-221) m Kelly J. and Hynes M. (EMBO, 
J., 1985, 4, 457-479) co crteAytoiAHMM 

• Mnu,ennfi Bbipam,nBann Ha MHHUMaxibHoft 
nuTaTenbHoW cpeAe Ann rpn6oB Aspergillus 
(Cove D., Biochem. Biophys. Acta., 1966, 
113, 51-56), o6oraiAeHHoft 10 mM aprnHMHa m 10 
mM nponnHa, npn 30°C Ha npoTjwKeHMM 16 h b 
Kon6e, BCTp^xuBaeMofl c nacTOTofl 300 

06ODOTOB/MMH, 

- Ana cJxDpMMpoBaHMR npoTonnacTOB BMecTO 
xennKa3bi npuMeHanw Novo2ym 234 (NOVO 
Industri) 

- Mepe3 90 muh nocne o6pa30BaHM& 
npoToruiacTOB b cycneH3nio Ao6aBnn/iH 1 o&beM 
6y0epa STC (1,2 M cop6MTon, 10 mM Tpuc-HCI 
pH 7,5, 50 mM CaCl2) m i^eHTpnc})yrMpoBajiM ee 

npn 2500g w 4°C b TeneHMe 10 mmh bo 
BpainaiomeMCfl poTope; saTeM npoTon/iacTu 
OTMbiBann m pecycneHAnpoBann b 6ycf)epe STC 
AO nonyneHMfl KOHL^eHTpaL^MM 10 8 KneTOK/MJi, 

• K 100 mkji cycneH3HM npoTonnacTOB 
AooaBJiRnM nnasMMAHyio flHK b 10 mkji 6y$epa 
TE (10 mM Tpuc-HCI pH 7,5 m 0,1 mM 3flTA); 

- nocne MHKy6ai4MM cycneH3MH npoTonnacTOB 

m flHK npn 0°C b TeMenwe 25 mmh b Hee no 
Kann«M AoCaannjiM 200 mkji pacTBopa 
nonMSTMneHr/iMKOJifl (25% nonn3TMneHrnMKorib 
4000 cpMpMU Merck) m 10 mM TpMC-HCI pH 7,5 c 
50 mM CaCl2. 3aieM ao/imb€U1M eu^e 1 mji 
pacTBopa nojiMSTMneHmMKona (60% 
nonM3TM/ieHmMKOJin 4000 b 1 0 mM tpmc-HCI pH 
7,5 c 50 mM CaCy, MeAneHHO m npn 

HenpepwBHOM nepeMeuMBaHMM. flocne 
MH«y6ai4MM npM komh3thom TeMnepaType 
cycneH3MK) pa36aBn5inM 6ycf)epoM STC m 
nepeMeujMBanM nocpeACTBOM B36a/iTbiBaHM5t m 
nocneAyioi^ero L^eHTpMc^yrMpOBaHMfl npn 2000g 
m 4°C b TeMeHMe 10 mmh. npoToruiacTbi 
ocTopo)KHo pecycneHAMDOBajiM b 200 mkji 
oycfcepa STC m HacnaMBanM Ha MMHMMaiibHyio 
nMTaTexibHyio cpeAy Ann rpM6oB Aspergillus, 
coa© p>Ka b my \o 20 mM ai^eTaMMAa b KanecTBe 
eAMHCTBeHHoro MCTOMHMica a30Ta, a TaioKe 15 
mM CSCI m 1 M caxapo3bi, m OTBep>KAaBLijyK)Cfl 
0,75%-HbiM 6aKTepMonon/mecKMM arapoM # 1 
(Oxoid). Poct npoAoruKancfl npM 35 °C b 
TeneHMe 6-10 AHeft. 

BbiAe/iRnn OTAeribHbie TpaHccpopMaHTbi, 
o6o3HasaBUJuecfl ksk SP4, SP7 n SP8, cNMii^ann 
mx m aHanM3MpoBariM Ha cnocooHocTb 
npoAyunpoBaTb cf)MTa3y bo BCTpaxMBaeMbix 
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Kon6ax, ncnonb3yn npoupAypy. onucaHHyio b 
npuMepax 1 m 2. AHanorwMHue onepauyiM 
npOBOflHJIM c TpaHcxfrapMaHTaMM, 

coA©p)KaBUJHMM TonbKO Beiaop (reH amdS b 

pUC 19), MJ1M C HeTpaHCC|)OpMMpOBaHHblMH 
X03fleBaMM (KOHTpOJlbHbie 3KCnepMMeHTbl). 

LUtsmm rpn6oB Bbipau^nBann b ycnoBwnx 
aKTUBa ljmm (cm. npMMep 6), npo6bt Ann aHaxiviaa 
OT6npaxin cnycTfl 96 h nocne Hasana 

Ky/lbTMBUpOBaHMfl. AHaJ1H3bl BKHJOManH 

onpeAeneHne <}>MTa3Hott aKTMBHocTM (Ta6n.4) m 
n303neKrpnMecKyio o>OKycMpoBKy b 
nonnaKpunaMUflHOM rene. 

npo6bi, nojiyMeHHbie ms 0epMenTnpoBaHHbix 
Ky/ibTyp A. ficuum m A.ficuum pAF2-2S SP7, 
BbipaiUHBaBWUxcfl b MAeHTMHHbix ycnoBnnx, B 
paBHbix o&bewiax HaHocvwM Ha 
nojinaicpujiaMHAHbi^ renb A/in 
nsoaneKTpocfxDKycMpoBiai (Phast System, 
Pharmacia) b Anana30He pH ot 4,5 ao 6,0. 
3neKTpoo>ope3 npoBOAwnM b cootb8tctbmm c 
yiosaHMflMM npeAnpMnTMn - usroTOBMTenn 
cHCTeMW. 3aTeM renb oKpaiunBa/in xyMaccM 
6pkUUiktaHTOBbiM chhum Ha o6u\v\e 6enm 
(4)nr.23) M/in KpacnTeneM, BbinBnnBUJMM o6myio 
4xDCCf)aTa3HyK) aKTMBHOCTb, ksk onucaHo B 
npMMepe 2 ($nr.22). 

Kpowie Toro, McnonbSOBanu o6pa3eu, <£MTa3bi 
A.ficuum, oHMiueHHofl AO roMoreHHoro 

COCTOflHMfl nOCpeACTBOM HMMyHHOaCfX^UHHOft 

xpoMaTorpacpHH, iok onucano b npMMepe 7, 
nn6o ksk TaKOBOfl, jimco b CMecM c 
KyjibTypanbHofi XMAKOCTbio. 

KaK OTMenanocb paHee, c£ma3a 
npucyTCTByeT b oTAenbHbix npo6ax b pa3Hbix 
M3c4)opMax (yKaaaHb! 3BesACMKaMn). 
OMMLneHHaa o>MTa3a npn ooomx cnoco6ax 
oxpacKU AaeT xopowo B^AHMbie nonocu 3 n 4, 

COOTBeTCTByK)U4Me AByM OCHOBHbIM 

M30Q>epMeHTaM (A m B). AHanorvwHbie no/iocbi 
eABa 3aMeTHbi npn oKpacKe c^MTasbi us 
poAHTeiibCKoro urraMMa A. ficuum. B 
TpaHcc{x)pMnpoBaHHOM urraMMe pAF 2-2S SP7 

OHM 3HaHUTeJlbHO 6onee MHTeHCUBHbl. 

B. CBepxsKcnpeccufl c^masbj b rpn6ax 
A.niger CBS 513.88 

BeKrop 3KcnpeccMM pAF 2-2 
fiHTpoAyu,npc-Bajin b KfieTKH A.niger CBS 513.88 
b npou,ecce TpaHccf)opMau,MM, KaK onucaHo Ann 
A.ficuurrf. OTAenbHbie TpancxfcopMaTbi 
BbiAennnn, oHMinanM m onpeAennnM mx 
cnoco6HocTb npoAym^poBaTb o>MTa3y 

BCTpHXMBaGMbfX K0Jl6aX B yCJIOBWnX 

MHAyuMpoBaHHoro pocTa, KaK onucaHO 
npMMepe 6. 

YpOBeHb sKcnpeccnn <J)MTa3bi 8 OTAenbHbix 

TpaHCCfropMaHTaX, 0603HaHeHHblX K8K pAF 

2-2S * 8, * 20 m * 33, a TaiOKe b KOHTponbHbix 
ujTaMMax onpeAennnvi, KaK onucaHo b npMMepe 
9A m noKa3aHO b Ta6n.5. 

YpoaeHb 3Kcnpeccnn fymazbi b 
TpaHc4)opMnpoBaHHbix toieTKax. 

A.niger 6bin conocTaBMM c ee ypoBHeM b 
TpaHCctxopMnpoBaHHbix A.ficuum. KpoMe Toro, 
nony^eHHbie pe3ynbTaTbi noKa3biBaioT, mto 
npoMOTop 4>MTa3bi A.ficuum aiaMBeH b A.niger. 

flanbHefiujue aHanM3 npoBOAMnn c 
ncnonb30BaHneM KynbTypanbHofi cpeAbi 
TpaHCc^opMMpoaaHHbix KneTOK pAF 2-2S * 8, 
KOTOpyio noABeprajiM 3neKTpoc}x>pe3y b 
nonnaKpMnaMMAHOM rene c pH 4,5-6,0 Ann 
H303neKTpo$oKycHpOBKM (Phast System, 
Pharmacia) b ccotbctctbhh c paHee onMcaHHOfl 
npoi^eAypoft. PaBHwe o&beMbi cynepnaTaHTa 
KyjibTypanbHOfl hcmakoctm poAHTenbcicoro 



BO 



B 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



UJTaMMa H TpaHCCfKDpMMpOBaHHblX KneTOK pAF 
2-2S * 8, BbtpaiAMBaBUJMXCfl B MAeHTMHHblX 

ycnoBMHX, HaHOcunn Ha renb, KOTopbivi 
oKpaujuBanM no 3aBepLueHnn 3neKTpo$ope3a, 
KaK onucaHo Bbiiue. 

PoAMTenbCKMfl urraMM A.niger cviHTesnpoBan 
oneHb Heoonbujue KonnnecTBa cf)nra3bi n ee He 
yAasanocb BbinannTb MeTOAOM reneBoro 
3neiapoo>ope3a. LLlTaMM pAF 2-2S ± 8 
npoflyu^poBan npkiMepHO b 90 pas oonbuje 
cfepMeHTa, neM poAviTenbCKVi^ ujt8mm. 3to 
pa3ni4HMe xodoluo bmaho Ha c^Mr.24, 25. 

BunBneHO HecKonbKO M3c<tx)pM cfeepMeHTa 
(o6o3HaneHbi saesAOMKaMH). OKpaiunBaHne Ha 
o6u4ne oenKM noKa3ano, mto MHTeHCM BHOCTb 
cooTBeTCTByK)U4HX nonoc pesxo ysennMUBaeTcn, 
TorAa ksk nonocbi Apyrvix 6enKOB oTcyTCTByioT. 

flpHMep 10. SKcnpeccufl c})MTa3bi b A.niger, 
TpaHccfopMnpoBaHHbix BeiaopaMM SKcnpecCMM, 
coAep)Kau^MMvi reH 4)HTa3w A.ficuum, cnMTbiR c 
npoMOTopoM n/wnw cumanbHort 

nocneAOBaTenbHocxbio reHa 
aMnnorniOK03MAa3bi (AG) A.niger. 

KoHCTpynpoBaHne boktopob 3KcnpeccnM. 

Ann AOCTMxeHun cBepxdKcnpeccHM cpMTa3bi 
b A.niger 6btnn nonyMeHbi AononHmenbHbie 
6noKVi SKcnpeccviki, b kotopwx reH 4>UTa3bJ 
A.ficuum KOHTponMpyeTcn npoMOTopoM 
aMnnomK)K03nna3bi (AG) A. niger b coneTaHnn c 

pa3JlMHHblMM curwanbHbiMM 
nocneAOBaTenbHOcmMM. B p18FYT3 m p24FYT3 
cooTBeTCTByiouL(He 18 m 24 - nneHHbie 
nuAupyioiMMe aMHHOKvtcnoTHbie 
nocneAOBaTenbHOCTM (aa) reHa AG M3 A.niger 
cnnTbi c $parMeHTOM reHa c})MTa3bi, KOTopwCi 
KOAnpyeT spenbifi 6enoK. B Beiaope sKcnpeccMM 
pFYT3 nocneAOBaTenbHocTb npoMOTopa AG 
cnMTa c nocneAOBaTenbHOCTbio, KOAwpyiou^eft 
cf)HTa3y, KOTopan BKmonaeT nMAnpyiomyio 
nocneAOBaTenbHocTb Ann 6nocnHTe3a 3Toro 
6enica. 

KoHcrpyMpoBaHne p18FYT3. 

CnvinHMe npoMOTopa AG n 18 aa AG - 
nuAvipyioujeft nocneAOBaTenbHOCTM c 
nocneAOBaTenbHocTbio, KOAMpywuneCi 
nonHOCTbKD cc^opMMpoBaHHyio c^MTasy, 
ocymecTBnnnH c noMou^bio L^enHO^ 
nonnMepa3HO« pea^MH. npM stom 
wcnonb30Bann Ase pasnHMHbie MaTpnuw: pAF 
2-2S, coAep^auJiyK), KaKyKa3aHO Bwiue, nonHbifl 
reH c^nTasbi, m pAB6-1 - nna3MMAy. 
BicnioMaiou4yK) nonHbifl noKyc AG M3 A.niger, 
KOTOpan 6bina BbiAenena ms nna3MHAH0^ 
6n6nnoTeKM A. niger, coAepxau^eA cf)parMeHTbi 
Hind III a/imho^ 13*15 KvinoocHOBaHMfi b pUC19. 
Ann BbiAeneHkin HcnonbdOBann AG - 
cneuwc|)HHHbie onuroHyKneoTHAbi: 

AG-1 : 

5-GACAATGGCTACACCAGCACCGCAACGGA 
CATTGRRRGGCCC-3* 
AG-2: 

5'-AAGCAGCCATTGCCCGAAGCCGAT-3' 

Ooa onMroHyioieoTHAa nonyMeHW Ha 
ocHOBaHMM HyKneoTHAHOM nocneAOBaTenbHOCTM 
Ann A. niger (Boel et. al., 1984. EMBOJ., 
3., 1097-1102; Boel et al., 1984, Mol. & Cell. 
Biol., 4, 2306-15). OnMroHyKneoTMAHbie 30HAW 

KOHCTpynpOBaJlMCb, MCXOAn M3 CTpoeHMn 

nocneAOBaTenbHOCTe^, OKpy«<aiou4Mx mhtdoh 2: 
onMro AG- 1 noKannsoBan b nonoweHMM 3* no 
OTHOUjeHMK) k MHTpoHy m MMeeT TaKyio Ke 
nonnpHOCTb, KaK AG mPHK, a onMro AG-2 
pacnonoxeH BBepx ot MHTpoHa 2 m 
aHTMnapanneneH AG mPHK. (TnasMMAa pAB6-l 
coflep)KMT reH AG bo cfcparMeHTe Hind III a^mhom 
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14,5 KW100CH0B8HMM. 

B KaMecrBe 33TpaB0K Ann aMnjiMcjDMKauMM 
tjenHOfl nonnMepa3Hort peaiquw npnM6HRnn 
seTbipe cMHTeTHMecKMe onuroHyKneoTMfla, 
WMeK>mnx noica3aHHoe HMJKe crpoeHne: 

Oligo 1: 

5'-CTCTGCAGGAATTCAAGCTAG-3' 
(AG-cneuncJ)MHHafl nocneAOBaTenbHOCTb BOKpyr 
EcoR1 - caviTa, npwMepHO Ha 250 
KVUlOOCHOBaHMK BBepx ot ATG - CTapTOBoro 
KOAOHa 

Oligo 18-2: 

5-CGAGGCGGGCACTGCCAGTGCCAACCCT 
GTGCAGAC-3* 3penafl o>HTa3a 18 AA 

AG-/inAnpy»oiMafl nocneAOBaTenbHOCTb 
Oligo 18-3: 

5-GTCTGCACAGGGTTGGCACTGGCAGTCCC 
CGCCTCG-3' 18 aa AG-nuAnpy>oiHafl 
nocneAOBaTeribHOCTb - 3penaq 4>nTa3a 
Oligo 4: 

5-GGCACGAGGATCCTTCAGCTT-3' 
(cneunc})MMHa« Ann o>HTa3bi 
nocneAOBarenbHocTb, noKankisoBaHHaa Ha 
caiiTe BamHI b nonoweHMM 861). 

L4enHyio noriMMepasHyio peaKqwo 

OCyiUeCTBJIflJlM B COOT BeTCT BM H C MeTOAMKOft 

Saiki et al., 1988, Science 239, 487-491), c 
HeGojibuiMMM M3MeHeHnflMM (cm. npiiMep 8). 

flna cnnflHMfl nocneAOBaie/ibHOCTeK AG c 
nocjieAOBaTenbHocTaMM, KOA^pyiomHMM 
0MTa3y, CTaBunn ABe OTAenbHbie uennbie 
nojikiMepaaHbie peaKi^nn. B nepBofl U3 hmx Ann 
aMnnncpMKam^M cfcpanueHTa flHK AnnHOM 300 
nap ocHOBaHMfl, <x>Aep>icamero 3' - ynacTOK AG - 
npoMOTopa m 18 aa AG-nnAnpy»oLi^yK) 
nocneAOBarejibHocTb, G>naHKnpoBaHHy»o no 
3-rpaHkiue HyicneoTkiAaMM reHa o>MTa3bJ, 
ncnonb30Bann b KaMecTBe saTpaBOK 
onuroHyKneoTHAbi 1 m 18-2, a b KanecTBe 
MaTpvmbi - pAB 6-1. Bo BTopofl peaKUMM 
ncnonb30Bann MaTpuqy pAF 2-2 m 
ojikiroHyKneoniAbi 18-3 n 5 B KanecTBe aaTpaBOK 
Ann aMn/in4)HKauMM a>panvieHTa flHK AnwHoi* 
600 nap ocHOBaHHfi, coAepwamero 5-yMacTOK 
reHa (J)kiTa3bi, Q>naHKnpoBaHHbifi no 5'-rpaHMi4e 
18 HyicneoTMAaMH CMmanbHoro nenniAa AG. 
npoi^eAypa aMnnwctDHKaL^n b cxeMaTKMecKOM 
BHfle noi<a3aHa Ha cfcnr.27. 

nonyneHHbie t3kmm oOpasoM ABa 
0parMeHTa flHK OMnu^ann nocpeACTBOM 
3neicrpoG)ope3a b nonuaKpunaMviAHOM rene u 
npeLiMnnTaijMH GTaHonoM, a 3aT6M 
ncnorib30BaiiM b KaMecTBe MaTpmj b TpeTbeM 
tjenHoR noriMMepaaHoPi peaKi^nn c 
onuroHyKTieoTHAaMU 1 n 4 Ana 3aTpaBKU npki 
cnn^HMM AG-4>krra3bi. O6pa30BaBWwflcfl npn 
3tom cppanvieHT flHK nepeBapHBana EcoR1 h 
BamHI h cy6KnoHMpoBann b pTZ18R. 
nonyneHHbifl KOMnneicc ceKBSHnpoBann m 
o603HaHanw kqk p18FYT1. 

OcTanbHafl, BoexoAHman nacTb npoMOTopa 
AG AnwHofl 3,5 KunoocHOBaHM^ 6bina nonyneHa 
nocpeACTBOM nepeBapuBaHki^ pAB 6-1 Kpn1 m 
MacTMHHo EcoRI, a 3aTeM npucoeAHHeHa k 
qbpanvieHTy EcoRI/BamHI p18FYT1 AniiHofl 1,1 

KMftOOCHOBaHHW \A KTIOHUpOBaHa B CaflTbJ 

Kpnl/MamHI pTZ18R. nonyneHHafl onwcaHHbiM 
cnocoGoM nna3MvtAa noK83aHa Ha (fcnr.29-31. 

flononHMTejibHbiR pecTpniajMOHHbi& ynacTOK 
Hind III MHApoAyt^npoBajiM, kicnonbsyn BCTaBKy 
CMHTeTMHecKoro c{)parMeHTa 

5' AATTCAAGCTTG 3' 

3' GTTCGAACTTAA 5' 

b catfT EcoRI, (JmaHKwpyioLnufi reH amdS 
pAF2-2S. nonyneHHoW TaKHM o6pa30M 
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rwa3MHAe npucBaviBanM o6o3HaHeHMe pAF2-2S 
(4>nr.28) h ucnonbaoBann ee b KanecTBe 
cTapTOBoA nna3MMAbi Ana 3aM6Hbi 
nocneAOBaTenbHocTeft npoMOTopa (})HTa3bi 
cfDparMeHTaMn flHK, nonyMeHHbiMH b pe3ynbTaTe 
cjiHAHUfl AG-4)HTa3bj b qenHo^ nonuMepa3HoH 
peaio^HM. 

Ha 3aKnK)MMTenbHOM aTane 

KOHCTpynpoBaHun nna3MMAbi p18FYT2 m 
pAF2-2S nepeBapuBann Kpnl n MacniMHO 
BamHI. OparMeHT flHK p18FYT2 ahmho^ 4,6 
KwnoocHOBaHHfl m qbparMeHT flHK pAF 2-2S 
AnuHoff 11 KvuioocHOBaHU^ nccne BbtAenenwi 
noABepraiiM ohuctko nocpeACTBOM reneBoro 
9neKTpoqbope3a, a 3aTeM nnrnpoBann m 
nepeHOcunw b E. coll. (lonyMeHHwH stum 
cnoco6oM BeKTop 3Kcnpeccv«M nonynun 
o6o3HaHeHne p18FYT3 (4>nr.29-31). 

KoHCTpynpoBaHne p24FYT3. 

CjwflHkie - npoMOTopa m 24 aa AG - 
nnAnpyiotneR nocneAOBaTenbHOCTM c 
nocneAoaaTenbHOCTbio, KOAnpyioiLteR apenyio 
qbMTasy, ocyujecTBiiftnu b npoL^ecce 
aMnnnc^MKamin L^ennoA nonuMepa3HoR peaKi^kin 
no MeTOAMKe, onucaHHoS BbiLue Ann 
KOHCTpykipoBaHMfl p18FYT3, c TeM OTnunneM. 
mto b KanecTBe saTpaBOK ncnonb30Bajin APyrwe 
onuroHyKneoTMAw: 

Oligo 24-2: 

5-CGAGCCGGGGACTGCCAGGCGCTTGGAA 
ATCACATT-3' 3pena« cf)HTa3a <-_-► 24 AA 
AG-nMAvipyioii^an nocneAOBaTenbHOCTb 
Oligo 24-3: 

5-AATGTGARRRCCAAGCGCCTGGCAGTCCC 
CGCCTCG-3' 24 aa AG-nwAMpyiOLnafl 
nocneAOBaTenbHOCTb - 3pena« $nTa3a 

ripoBOAnnn ABe pasHbie uenHbie 
nonnMepa3Hbie peaici^nn. B nepBO^ H3 hmx b 
KanecTBe MaTpuL^w ncnonb30BanH pAB 6-1, a 
onnroHyKneoTMAbi 1 n 24-2 npuMeHRnn b 
KanecTBe saTpaBOK Ann aMnnnc^nKai^MH 
4)parMeHTa flHK AnuHoR 318 nap ocHOBaHviR, 
KOTopwR coAep>Kan 3* - ynacTOK npoMOTopa AG 
n 24 aa AG-nnAwpyiou^yK) nocneAOBaTenbHOCTb, 
4)naHKMpoBaHHyK) no 3' - rpaHMi^e 18 
HyicneoTMAaMM reHa 4>MTa3bi. Bo BTopoft 
peaKi^nM b KanecTBe MaTpuLjbJ npuMeHRnn pAF 
2-2S, a onuroHyicneoTMAbJ 24-3 m 4 
ncnonb30Bann Ana 3aTpaBKM npn 
aMnnvic|)HKai^Hti 0panvieHTa flHK, ccAepttaujero 
S'-ynacTOK reHa qbMTasw, 4xnaHKnpoBaHHbiW no 
5-rpaHML^e 18 HywieoTHAaMM 24 aa AG - 
nuAnpyKDii^e^ nocneflOBaTenbHOCTM. llpoL^eAypa 
awnnncfiMKaL^nn b cxeMaTMMecKOM BkiAe 
npeAcraBneHa Ha 4>nr.29. 

Ha saicniOHHTenbHOM OTane 

KOHcrpyidpoBaHMfl BeKTOpa 3KcnpeccnM p24FYT3 
c wcnonb30BaHneM nna3MHA p25FYT1 h 
p24FYT2, npnMeH«nn Ty >Ke MeTOAMKy 
KnoHkipoBaHHfl, KOTopaa onucaHa Ann cnynafl 
nonyMeHMH Beiaopa p18FYT3 nepe3 

n DOM 6)KyTOH H bie CTaAMM KOHCTpyHpOBaHMfl 

P18FYT1 M p18FYT2 (<t)nr.29-31). 

KoHcrpynpoBaHMe pFYT3. 

C/iHflHue AG - npoMOTopa c 
nocneAOBaTenbHocTbK) reHa cf)HTa3bi, 
BKniOHaBiijero nuAMpyiomyK) 
nocneAOBaTenbHOCTb, ocymecTB/iRnn b 
npoi^ecce aMnnno>MKaL^Mii L\enHoW 
nonnMepa3Hovi peata^MH, ksk onucaHO Bbtiue npn 
KOHCTpynpoBaHHM p18FSnT3, C TeM OTnMMMeM, 
mto npviMeHnnn cneAyiomue onnroHyicneoTHAbi: 

Oligo fyt-2: 

5-AACAGCAGAGACGCCCATTGCTGAGGTGT 
AATGATG-3* nnAnpy»oiAafl 
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nocneflOBaTenbHocTb <-_-> AG-npoMOTop 
Oligo fyt-3: 

S'-CATCATTACACCTCAGCAATGGGCGTCTCT 
GCTGTT-3* AG - npoMOTop <-_-> nuAMpyiOLAafl 
nocneflOBaTe/ibHOCTb 

CTaenjin ABe pa3Hbie nenHbie 
nojinMepaaHbie peanunn. B nepBofl M3 hhx b 
KanecTBe MaTpnu,bi ncnonb3osarin pAB 6-1, a 
onuroHyKneoTMAbi 1 m fyt-2 cnyxcwiH b KaMecTB© 
3aipaBOK npw aMnnucfenxauMH cfcparMeHTa flHK 
AnuHofl 282 napbi ocHOBaHMfl, coAepKamero 3' - 
ynacTOK AG-npoMOTopa, cf)nanKvipoBaHHoro no 
3-rpaHwu.e 18 HyicneoTMAaMM nuAupyfomefl 
nocneAOBaTenbHOCTM cfcMTasu. Bo BTopofi 
peaKUMK b KaMecTBe MaTpMijbi kicno/ibaoBajivi 
pAF 2-2S, a o/inroHyKneoTMAbi fyt-2 m 4 
cnyKMJiM Ann 3aTpaBKM npn aMnnn4)MKai4MM 
0parMeHTa flHK, coAepwauiero 5-yHacTOK reHa 
4>MTa3bi (BKniOMafl nuAnpyiomyK) 
nocneAOBaTejibHOCTb <J)MTa3bi) m 

cJjjiaHKupoBaHHoro no 5-rpaHMue 18 
HyicneoTMAaMM AG-npoMOTopa. npou,eAypa 
aMnnnc|DHKaL\nn b cxeMaTMHecKOM bwa© 
npeAcraBJieHa Ha 4>nr.29. 

Ha 3aKrtK)HMTenbH0M 3Tane 

KOHCTpynpoBaHMfl Beicropa SKcnpeccnn pFYT3 
Mepes npoMe)KyTOMHbie nna3MKAbi pFYT1 m 
pFYT2, npuNieHRnn MeTOAMKy wioHMpoBaHMfl, 
onwcaHHyK) npw KOHCTpynpoBaHnn p18FYT1 m 
p18FYT2 Ann nonyneHMH 6noKa 3KcnpeccMM 
p18FYT3 (<t)Mr.29-31). 

SKcnpeccufl reHa cpMTa3bi noA KOHTponeM 
npoMOTopa AG B 

A.niger 

fl3 onucaHHbix Bbtiue 6jiokob SKcnpeccnn 
4>MTa3bi nocpeACTBOM nepeBapMBaHun Hind ill 
yAanymM nocneAOBaTenbHOCTM E.colL nocne 
9Toro ujTaMM CBS 513.88 A.niger (nepeAaH Ha 
xpaHeHne 10 0KTfl6pfl 1988 r.) 
TpaHCXtxDpMktpoBa/iki 4)parMeHTOM flHK b 
KonnMecTBe 10 mkt, kbk onucaHO b npuwiepe 9. 
kl3 Ka>Kfloro 6noica sKcnpeccMM BbiAenwjiM 
^HAHBHAyaribHbie TpaHccJ)opMaTbJ A.niger. 
Cnopw BbiceBann Ha ceneKTMBHbie 
ai^eTaMMA-arapoBbie nnacTMHbi. Cnopbi Ka>KAoro 
TpaHC<4)opMaHTa coGnpann nocne BbipamMBaHMfl 
KneTOK Ha niiacTMHax, noKpbiTbix arapoM c 0,4% 
KapTO(}>ejibHoR AeKcrposofi (Oxoid, England), 
npn 37°C b TeneHne 3 AHefl. flpoAyKi^nio 
0MTa3bi oueHMBa/w bo BCTpaxuBaeMbix Kon6ax 
npM cneAytoiUMX ycnoBMflx KynbTHBupoBaHMfl. 

ripuMepHO 10 8 cnop bhocmjim b 100 mji 
ucxoAHoft cpeAbi, coAep>icaBiijeCi 1 r/n KH2PO4, 
30 r/n MaribT03bi, 5 r/n Apo>ioKeBoro SKCTpaicra, 
10 r/n Ka3enHOBoro rnApojiM3aTa, 0,5 r/n 
MgS0 4«7H20 m 3 r/n tbuhs 80. pH 

nojiyneHHOM CMecu aoboamjim AO 5,5. 

nocne KynbTHBupoBaHMR bo BpaujaioineMCfl 

cocyAe npn 34°C b TeneHHe hohh 1 mji 
pacr/meR Ky/ibtypbi nepeHoauiM b 100 mji 
ochobhoR cpeAbi: 2 r/n Kh^PO^ 70 r/n 
NiajibTOAeKCTpkiHa (Maldex MDO3, Amylum), 
12,5 r/n Apo>»OKeBoro aKCTpaiaa, 25 r/n 
KasenHOBoro rviAPOJiM3aTa, 2 r/n K2SO4; 0,5 
r/n MgS0 4 .7H 2 0; 0,03 r/n ZnCI 2 ; 0,02 r/n 
CaCI 2 , 0,05 r/n MnS0 4 «4H20 M FeS0 4t pH 
nojiyMeHHofi CMecu aoboamjim AO 5,6. 

MHtjenHtf Bbipau^HBajin Ha npoTflweHMM no 
MeHbiueft Mepe 140 m. npoAyKU,mo <$nTa3bi 
oi^eHMBann, KaK onucaHO b npMMepe 2. 
PeaynbTaTbi stoR ol^ohkm c ncnonbsoBaHneM 
HecKonbKnx npon3BonbHO Bbi6paHHbix 

TDaHCXfopMaHTOB H3 K3JKA0T0 6/IOKa 

3KcnpeccnM, noxa3aHbi b Ta6n.6. 
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npOAyKUMfl CfcHTa3bl HeCKOnbKMMM 

uiTaMMaMn A.niger CBS 513.88, 
TpaHccJxDpMnpoBaHHbiMM nna3MHAaMM, KOTopbie 
coAepKaT reH ct)MTa3bi A.ficuum, 
KOHTponnpyeMbi^ npoMOTopoM AG A. niger b 
ccmeraHUM c paankNHbiMM nuAnpyHDi^MMM 
nocneAOBaTejibHOCTflMH. 

3th AaHHbie yoeAMTe/ibHO CBViAeTejibCTByiOT 
o BbJCOKOM ypoBHe 3Kcnpeccnn c})MTa3bi a 
TpaHcxf)opMnpoBaHHbix KneTicax A.niger, b 
KOTopbix ren 4>MTa3bi KOHTDOJivipyeTCH AG - 
npoMOTopoM A.niger. Ohh noKa3b!BaK)T TaioKe, 
mto MaKCMMa/ibHan npoAyKL^kin c{)MTa3bi 
AOCTuraeTCfl npn ncnanb30BaHnn seiaopa 
3Kcnpeocnn pFYT3, KOTopwfl BK/iiOMaeT 
/iMAnpyjoiAyio nocneAOBaTenbHocTb <})MTa3bi. 

npH HCnOJlb30BaHHM CXOAHblX BGKTOpOB 
3KCnpeCCMV1, B KOTOpblX HMeeTCfl 6e3MHTDOHHbjK 

reH 4)MTa3bi (nocne TpaHcc()opMaL\HM b A.niger), 
GKcnpeccwa cfMTasbi 6buia conocTaBMMa c 
TaKOBOM b A.niger, TpaHCcfropMupoBaHHbix. 

flonoJiHMTenbHO cynepHaTaHTw Ky/ibTyp 
KneTOK, TpaHc4x)pMnpoBaHHbix pFYT3 # 205 m # 
282, noABepra/iH 3neKTpoc£ope3y b 
nonnaKpnnaMHAHOM rane Ann 
M303JieKTpo4>oKycMpoBKH 8 A^ana30He pH ot 4,5 
AO 6,0. PaBHbie o6*beMbi cynepnaTaHTOB us 
Ky/ibTyp poAMTeribCKoro niTaMMa A.niger m 

OOOHX TDaHO4)0pMaHT0B, BbipaiMMBaBLLIMXCfl B 

MAeHTMHHbix ycnoBH^x, HaHOCkixiki Ha rerib m no 

OKOHM3HHM 3JieKTDOCf)Ope3a OKpaiUMBaJIM, K3K 

onwcaHO b npHMepe 9. PoAHTejibCKMfl ujTaMM 
A.niger cnHTe3npoBan OMeHb Heoo/ibUJHe 
KonMMecTBa $HTa3bi, KOTopyio He yAaBanocb 
onpeAe/iMTb ncnorib30BaBiunMCfl weTOAOM. 
UJTaMMbi pFYT3 # 205 m # 282 CMHTe3MpoBanM 
cooTBeTCTBeHHO b 250 ki 1400 pas oofibiue 
cfcHTasbi no cpaBHeHnio c poA^TenbCKViM 
LUTaMMOM (cpaBHMTe npoAyKi^Mio o>nTa3bi no 

CpaBHeHMtO C DOAHTeribCKUM LUTaMMOM H 

cpaBHMTe npoAyKUMK) 4>nTa3bi no abhhum 
Ta6n.4 h 5). 3to pa3JiMHne oco6eHHO xopoaio 
nnnKx:TpMpyeTCfl cfsnr. 24, 25. 

MAeHTMCtMLlVipOBaHbJ HeCKOJIbKO M30C{K)pM 

cf)HTa3bi (o6o3HaMeHbi sBesAOHKaMM). OKpacxa 
Ha o6ii^ne 6ejiKM conpoBO>KAanacb noflaneHMeM 

Mpe3BblHa«HO MHTeHCMBHblX nOJIOC C|)HTa3bl, 

TorAa K3K nonocbi, cooTBeTCTByjoiAwe ApyrviM 

OCHOBHbIM 6e/lKaM, OTCyTCTBOBaflM. 

npuMep 11. CBepxsKcnpeccHfl 0HTa3bi b 
A.ficuum h A.niger npw KyjibTHBMpoBaHHM b 
npOMbiiuneHHbix MacaiTa6ax. 

A. A.ficuum 

UJTaMMbi pAR 2-2S # 4 u NRRL 3135 
A.ficuum KyjibTMBvipoBajiM , ksk onMcaHO b 
npMMepe 1. Ooa Tuna TpaHc4)opMMpoBaHHbix 
KneTOK cHHTeswpoBanti npHMepHo b 50 pa3 
6oribiue cJ)HTa3bi neM KneTKM A^Koro uJTaMMa 
Toro >Ke rpn6a. 

CBepx3Kcnpeccnfl (J)MTa3bJ 
TpaHCC))opMkipoBaHHbiMi>i K/ieTKaMM A.ficuum, 
coAep>KaiMHMM MHOKecTBeHHwK reH 0>kiTa3bi. 

KneTKM KyjlbTHBMpOBaJlM, K3K OHHCaHO B 

npMMepe 1 . 
5. A.niger 

LUTaMM A.niger pAF2-2S #8, 
TpaHc4x)pMnpoBaHHbi^ UJT3MM A.niger CBS 
513.88 ki poAkiTejibCKMkl LUTaMM A.niger 
KynbTHBMpOBarm, KaK onwcaHO b npMMepe 1. 
TpaHc0opMvipoBaHHbie KneTKvt cm HTe3 npo Ban m 
npMMepHO b 1000 pas 6o/ibUje cf)MTa3bj no 

CDaBHeHMK) C MCXOAHblM pOAMTefl bCKM M 

urraMMOM A.niger (Ta6n.8). 

CBepxsKcn peccMn 4)MTa3bi 
TpaHcc|)opMMpoBaHHbiMM KneTKaMM A. niger 
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(CBS 513.88), c»Aep>KaiMHMn MHOxecTBeHHtdfl 
reH c})MTa3bi. KneTxw xynbTMBMDOBa/iM, kbk 
onucaHO b npuwepe 1. 

ripuMep 12. flnn KOHCTpynpoBaHMfl Bexropa 
pREPFYT3, c noMOLUbio KOToporo AOCTwrarmcb 
oflHOBpeMeHHO SKcnpeccMfl Q>MTa3bi vi 3aMeHa 
reHa AG, nna3MHfly pFYT3 nepeBapMBa/iM Kpn1. 
["lojiyMeHHufl nnHe^Hbi^ a>panueHT flHK Kpn1 
ucno/ib30Bann Ann numpoBaHwi b AByx pa3Hbix 
cnyManx. 

JlnrnpoBaHMe 1 c McnonbsoBaHMeM aflarrrepa 
Kpn1-Hindlll: 

5' - CGGGOO - 3' . 

3' - CTAGGCCCCCTCGA - 5' 

M 



Kpnl 



JlnrvipoBaHM© 2 c Mcnonb30BaHvteM aflarrrepa 

Kpn1-Hindlll*, b kotopom pecipuKi^MOHHbiR 
yMacrroK Hind II! He coxpaHfleTcn nocne 
nnrnpoBaHMn: 

5' - CGGGA - 3' . 

3' - CATGGCCCCTTCGA - 5' 



Kpnl 



Hindlll 



nocneAOBaTenbHOCTb, nonyMeHHyio npn 
nnrwpoBaHMH 1, nacTHHHO nepeBapuBanvi 
Hindlll. nocne yAaneHHn o^parMeHTa, 
cx>Aep>Kai^ero reH amdS, nocpeACTBOM renesoro 
aneiapcxt)ope3a, ocTaTOMHbifl o^panueHT flHK 
nepeBOAwiM nocpeACTBOM nwrvipoBaHWH b 
KonbLjeo6pa3Hyio cfcopMy m nepeHocunn b E.coli. 
nonyneHHyK) TaKHM oGpasoM nna3MMAy 
o603HaMann ksk pFYT3 amdS (cm. <fcw\32). 

nocneAOBaTenbHocTb, nonyMeHHyjo b 
pe3ynbTaTe numpoBaHMfl 2, Taiwce 
nepeBapMBann Hindlll, c^parMew flHK Hind 

Ill/Hind III" AnuHoR 4 xnnoocHOBaHMfl, 
coAepjKau^Hti reH amdS, BbiAennnn c noMou^bio 
aneKTpoctxjpesa n nurnpoBann c nacTUHHo 
nepeBapeHHow Hind III nnasMUAofl 
Hindlll/Hindlli * nocne nero ee nepeHOCwiM b 
E.coli. RnasMMAa, y kotodow" Ha 3-KOHije reHa 
0nTa3bi MMencfl reH amdS, nonyMnna 
o6o3HaHeHwe pFYT3INT (cm. a>nn33). 

flnn kiHTpoAyL^MpOBaHkin 0parMeHTa 
Sall/Hindlil flHK nnasMMAbi pAB6-1 AnnHoR 6 
KiuioocHOBaHviH, coAepKaunero 
3'-4)naHKnpyK)i^yK) AG - odnacTb, nna3MHAy 
pFYT3INT nacTHHHO nepeBapuBanvi Hind III n 
npucoGAMHRTiM cHaMana k aAarrrepy 

5' - AGCTAGGGGG - 3' . 



3' - 



TCCCCAGCT 



- 5' 



Hindlll Sail 



(b kotopom pecrpniqMOHHbiR ysacroK Hind 

W " He coxpaHfleTca nocne nurvipoBaHUfl), a 
3aTeM k 0parMeHTy Sall/Hindlll nna3MHAbi 
pAB6-1. nocne TpaHccpopMaUjHid b E. coli 
nonynajiH iiCKOMyio nna3MHAy pREPFYT3, 
coflepwamyio S'-^naHKupyiomyK) 
nocneAOBaTenbHocTb AG b Tpe6yeMOM 
nonoKeHHM. 

SKcnpeccHfl o>MTa3bi b A.niger nocpeACTBOM 
3aMenieHMfl reHa AG. 

nepeA TpaHco>opMaL^nfl A. niger nna3MMAOfl 
pREPFYT3 M3 nocneAHeR yAannnn 
nocneAOBaTe/ibHOCTM E.coli (nyreM 
nepeBapMBaHMfl Hind III m reneBoro 
9neKTpoo>ope3a). UJTaMM CBS 513.88 A.niger 
TpaHccfxopMHpoBanu 10 MKT 0panweHTa flHK, 
ncnonb3yfl npoueAypy. onucaHHyio b npMMepe 9. 
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CeneiajHio h KynbTUBMposaHMe 

TpaHCtJXDpMUpOBaHHbiX KH6TOK OCymeCTBXIftnM, 

K3K onucaHO B npuMepe 9. flHUJb 
He3HaHMTenbHoe KonvmecTBO OTo6paHHboc 
TpaHco>opMaHTOB (npn6nn3HTenbH0 20%) 
yTpaMUBano AG-axTMBHOCTb. rn6pnAai^HOHHbi« 
aHanns xpoMOCOMHoft flHK b 
AG-OTpnuaTenbHbix h nonowwTenbHbix no 
4)MTa3e TpaHCC{)opMaHTax ncnonb30Bann aha 
KOHTponn saMeHbi reHa AG reHOM (fcMTasbi. 
hpHMep 13. KoHcepBaijufl reHa (J)HTa3bJ b 

Da3HbK BMAaX MMKpOOpraHH3MOB. 

flnn BbiwcHeHMfi creneHW xoHcepBaTWBHOCTM 
reHa 4>MTa3bi b MMKpoopraHM3Max npoBOAunH 
rM6pnAH3ai^noHHbiH aHanH3 xdomocomhwx flHK 
AecHTu paannMHbix bhaob, Hcno/ibsyn b 
tcaMBCTBe 30HAa KflHK 4>MTa3bi A.fjcuum. 

XpoMocoMHbie flHK Ann aHann3a nonynanvi 
M3 HUTMaTbix rpMOOB, ApoxxePi h 6aKTepn^. H3 
KajKAoA rpynnbi opraH^SMOB OToupanvi 
orpaHnneHHoe HMcno bmaob, b nacTHOCTM: 
HMTMaTbie rpn6bi Peniciilium chrysogenium m 
Aspergillus niger, apoxxh Saccharomyces 
cerevisiae n Kluyveromyces betis, Tatcvie 
npoKapnoTHwe opraHvisMbi, ksk 

rpaM-nonoxcMTenbHbie o>opMbi, Bacillus subtilis. 
Clostridium Thermocellum, Streptomyces 
lividans, a Taicxe rpaM-OTpHL\aTenbHbie 
6aKTepnn Pseudomonas aeruginosa. 

BbicoKOMoneKynnpHbie xpoMocoMHbie flHK 
3TMX bmaob nepeBapviBann pVU II h Bam HI 
(pa3AenbHO) m noAaeprann aneKTpoo>ope3y b 
0,7%-hom arapo3HOM rene. 

nocne nepeHOca Ha HUTpoi^ennionosHbie 
cfunbTpbi npoBOA^iH rn6pnAH3aL(MK3 b 
HenuMMTMpyiou^MX ycnoBMflx (6 x SSC npn 50°C 
b TeneHMe hohh) c MeneHHbiM ^P o>parMeHTOM 
5* KflHK o>HTa3bi (K3K onHcaHO b npMMepe 8). 
KoMnnexcbi OTMbiBann b 6 x SSC npn 
K0MH3TH0H TeMnepaType h Ha npoT«)KeHnn 18 h 
noABeprann bo3A6^ctbhk> peHTreHOBCKoro 
oojiyneHHfl. 

Kax noKasano Ha cf)nr. 35, 36, npaKTvmecKM 
na Ka>KAoR 3neiapoo>operpaMMe MMejoTcw 
AHCKpeTHbie nonocbi, cBHAeTenbCTByraii^ne o 
BbicoKofi cTeneHH roMonornMHOCTH reHOB 

4)HTa3bI M3 pa3nMHHblX BMAOB MMKpOOpraHM3MOB. 

OopMyna M3o6peTeHMfl: 

1 . OparMeHT (reHOMHon) flHK, KOAupyiotujift 
cfnTasy Aspergillus niger m nMeiou4Hfl 
HyxneoTkiAHyio nocneAOBaTenbHocTb I, 
npeAcraBneHHyio Ha c. 

2. OpameHT (k) flHK, KOAHpytou^HA c^HTasy 
Aspergillus niger h HMeiomnfl HyxneoTMAHyio 
nocneAOBaTenbHocTb II, npeAcraBneHHyio Ha c. 

3. P e kom6m Ha HTHafl nna3MMAHan flHK 
pFYT3 Ann aKcnpeccHM cf)viTa3bJ b Aspergillus, 
HMeiomaii pasMep npn6nn3HTenbHO 15,3 T.n.o., 
cocTOfliiian m Beiaopa pTZ18 n $parMeHTa flHK 
no n.1, onepaTMBHO CB*3aHHoro npoMOTopoM 
r/i KDKoa Muna 3bi Aspergillus niger h coAep>Kai^aa 
reH amdS Aspergillus nidulans b KaMecTBe 
ceneKTMBHoro Mapxepa, KOTopbiK noATBep^AaeT 
4>eHOTVin amdS* xo3PMcxoro urraMMa. 

4. PexoM6nHaHTHa« nnasMHAHan flHK 
pAF-2-2S Ann SKcnpeccMH o}MTa3bi b 
Aspergillus, MMetou^an pasMep npn6nn3MTenbH0 
13,4 T.n.o., cocTOPU^an ms Beiaopa pUC19 m 
pVU 11 G>parMeHTa, pa3MepoM 6,1 T.n.o., 
coAep>Kau;ero flHK 0parMeHT no n. 1, h 
BKHKwaioLnafl reH amdS Aspergillus nidulans b 
KaMecTBe cenexTMBHoro Mapxepa, KOTopufl 

noATBep)KAaeT o))eHOTvin amdS* X03nftcKoro 
urraMMa. 
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5. LLlTaMM Aspergillus niger CBS 513.88, 

TpaHC4)OpMHpOBaHHb!M pGKOM6nH3HTHOM 

nnasMMAoW pFYT3 - npoflyi^eHT o>MTa3bi 
Aspergillus. 

6. UiTaMM Aspergillus niger CBS 513.88, 

TpaHC0OpMMpOBaHHblM peKOM6MHaHTHOM 

nxia3MMAOfl pAF 2-2S - npo<qyu,eHT <|>MTa3bi 
Aspergillus. 

7. LUT3MM Aspergillus ficuum NRRL 3135, 

TpaHC0OpMMpOBaHHblH peKOMSHHaHTHOM 

ruiaaMMAoW pPrT3 - npoAyu,eHT o)HTa3bi 
Aspergillus. 

8. Cnoco6 nonyMeHHfl G>MTa3bi, 
npeAycMaTpnBaK)U4MM KynbTMBupoeaHne 
KneTOK-npoflyi^eHTOB HasBaHHoro $epMeHTa, 
BbifleneHMe cf»HTa3bi m xy/ibTypb), 
OTnuMajoiuMficfl TeM, mto b KawecTBe 



KneTOK-npoflyt^eHTOB ncnonb3yiOT Aspergillus 
niger win Aspergillus ficuum no n.5, htm 6, 

V4J1U 7. 

9. PeKOM6MHaHTHafl cfiMTa3a Aspergillus 
niger (E.C.31.3.8 mhomhoshtoji reKcao>ocQ>aT 
4xxxtx)rviApana3a), nanyvaeMafl b Knencax 
Aspergillus ficuum NRRL 3135 mjim Aspergillus 
niger CB 513.88, KQflnpyeMafl cfcparMeHTOM flHK 
no n.1 kinn 2 m xapaKTepM3yeMaa cneayiomviMH 

CBOftCTBaMU: N - KOHU,eBOft 

nocneAOBaTenbHocTbK) Leu Ala Val Pro Ala Ser 
Arg Asn Gin Ser Ser Gly Asp Thr Val Asp, 
yAenbHoR aKTHBHOCTbK) npwMepHO 100 efl/Mr, 
onTHMyMOM pH 5,5 m TeMnepaTypHUM 
omnMyMOM 50 °C, MoneKynapHofl Maccoft 85 Kfl, 
onpeAanneMOM c noMomwo SDS-PAGE. 
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Ta6Jiwqa 1 



EuoxMMUHeciote napaMerpw onumeHHOM 4>vrra3W M3 AWKoro urraMMa A. ficuum 
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HapaMeTp 
YAenbHafl aicniBHOCTb 
CreneHb ohmctkm no AaHHbiM 
3neKTpoc))ope3a: 
- " - n303/ieinpoc})OKyc: 
K M (KOHcraHTa cpoACTBa) 

CnetlVlCfMHHOCTb An* 
MH03WT0J1-1-P 

orrrnMyM pH 
orrrwManbHafl T-pa ° 
mo/1. Macca, Kfla *" 
Mon. Macca (HemiiK03ijn.) 

M303JieKTpMM. TOSKa^ 



HacT OHinee vtccneAOBaHHe 
100eA/Mr 6enra 
85 Kfla 

3 hjim 4 nonocw 
250 mkM 

He aKTMBHa 
Km = 3,3 MM 
2,5 n 5,5 
50 

85 
56,5 
5,0 - 5.4 



H ccneAQBaHHe Ullan 

50 eA/Mr 6enKa 
85/100 Kfla 

ne onpeaenajiacb 
40 mkM 

He aKTMBHa 

5% 3KTMBHOCTb 

2,5 m 5,5 

58 
85 h 100 
61,7 
4.5 



* Ullan onpeAenwi aKTMBHOcrb *nTa3bi npw 58°, a He np* 37°. 3a ewnwy *wra3HO« 
aKTHBHocTM npiiHMMaeTC* KonnHecTBO *e P MeHTa, Koxopoe Heo6xoA*Mo a** ocboOcmwhnh 
HeopraHnnecKoro (froafrara *3 1,5 mM 4>iiTaTa HaTpwa co cKopodbK) 1 MKMO/ib/MMH npn 37 
n pH 5 50 fln* cpaBHeHMP hhtchcvibhoctm cfrepMeHTauwti h yAenbHbix aKTMBHOcrevi, 
bktmbhoctn, paccHHTaHHbie Ullan, 6bim cKoppeKinpoBaHbi Ha pasHMqy TeMneparyp. 3ra 
nonpaBKa ocHOBWBanacb Ha pa3Huue aKTMBHOCTefl *MTa3bi. M3Mep*BUJWXc™ npn 37 n 58 , 
KaK noKa3aHO b Ta6ji. 3 M3 pa6oTbi Ullan (1988b). 

** MoneKynnpHaa Macca paccMnraHa no pesy/ibTaTaM sneiapocfropesa b nonnaKpunaMMAHOM 
re/ie c AOAeun/i-cynbc^aTOM naipufl. 

~ 4 no pe3y/ibT3TaM M303neKTpo4)OKycnpoBKM m 3Jiejapo4>ope3a b no/iMaKprniaMWAHOM re/ie. 

Ta6nwi4a 2 
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BpeMfl nocne BBeASHMfl 


AKTWBMpoBaHHafl KynbTypa 


HeaKTMBwpoBaHHaa KynbTypa 


A 


24 m 


+ 




B 


24 h 


+ 





T a 6 ji m m a 3 



LiiTaMM 


<3>HTa3Hafl aKTMBHOCTb Bf\fhM\ 


% 4)MTa3H0fl aKTMBHOCTM, 

aAcop6npoBaHHoft Ha KonoHKe 


A. niger 402 
A. niger 402 pAF 28-1 
A. niger 402 pAN 8-1 


0,5 
0,7 
0,5 


0 

10 

0 



T a 6 n m 14 a 4 



YcwieHMe npoAyKMMM 4>MTa3bi nocne TpaHCCfropMauvm urraMMa 



LilTdMM 


0HT33Hdfl aKTMBHOCTb B^/MH 


A. ficuum 
A. ficuum + control plasmid 
A ficuum pAF 2-25 SP.8 
A. ficuum pAF 2-25 SP.7 
A. ficuum pAF 2-25 SP.4 


0,6 
0,6 
7,6 
6,7 
4,3 
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TaSnnua 5 



npoayicMwa 4)MTa3bi Tp3HC(j30pMMpOB3HHbiMM KneTK3MW A. niger CBS 513.88 c pA-F 2-25 



UiraMM 
A. niger 
A. niger + control plasmid 
A. niger pAF 2-25 # 8 
A. niger pAF 2-25 # 33 
A. niqer pAF 2-25 # 20 



BeKTOP axcnpeccMH 
P18F4T3 
(AG-npoMOTop/ 
18 aa AG -nwAwp. 
nocneAOBaTenbHOCTb 



p24F4T3 
(AG-npoMorop/ 

24 aa AG - nuAMp. 
nocneAOBaTenbHOCTb 



pF4T3 
(AG-npowioTop/ 

nuA^P- 
nocneAOBaTenbHOCTb 

<pV\TB3b\ 



<Dl1Ta3Ha« a KTMBH O CTb, gj 

0,2 
0,2 
14 
5 
4 



T a 6 n m m a 6 



TpaHQfropMaHT 
p18F4T3#240 
p18F4T3#242 
p18F4T3#243 
p18F4T3#244 
p 18F4T3#245 
p18F4T3#246 
p18F4T3#250 



p 24 F4T3 # 256 
p 24 F4T3 # 257 
p 24 F4T3 # 258 
p 24 F4T3 # 259 
p 24 F4T3 # 260 
p 24 F4T3 # 261 
p 24 F4T3 # 262 
p 24 F4T3 # 265 



p F4T3 # 205 
p F4T3 # 282 
p F4T3 # 299 
p F4T3 # 302 
p F4T3 # 303 
p F4T3 # 304 
p F4T3 # 305 
pF4T3#312 



QHTa3Ha fl atCT HBHOCTb 

82 
84 
62 
43 
80 
82 
110 



8 

30 
13 
33 
17 
28 
18 
12 



50 
280 
96 
220 
175 
150 
150 
140 
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BpeMfl nocne (nacbi) 


OMTasHaa aKTMBHOCTb (eA/Mn cfcepMem-amioHHoro 6ynbOHa) 


A. ficuumNRRL3135 


A. ficuum pAF 2-25 # 4 


0 


0 


0 


24 


0 


0 


92 


2 


142 


141 


5 


270 


T a 6 n w m a 8 


BpeMfl nocne (nacbi) 


<t>ma3Hafl aicruBHocTb (eA/Mn 


(bepMem-auHOHHoro oynbOHa) 


A. niger CBS 513.88 


A. niger pAF 2-25 # 8 


0 


0 


0 


24 


0 


5 


92 


0,1 


65 


141 


0,1 


95 
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nenTMAHbie aMiiHOKucjiOTHbie nocneflOBaTejibHOCTi/i 





A 


D 


Lr 


U 


E 


ri03Ml^Hfl 










01 


GLN 


(TRP)* 


MET 


ALA 


VAL 


02 




SER 


MET 


SER 


% M A t 

VAL 


no 
03 


CaLN 


PHE 


GLN 


SER 


ASP 


04 


ALA 


a on 

ASP 


CYS 


A I A 

ALA 




05 


GLU 


THR 


GLN 


GLU 


ARG 


06 


GLN 


it r™ 

ILE 


A 1 A 

ALA 


LYS 


PHE 


07 


GLU 


SER 


GLU 


GLY 


PRO 


08 


PRO 


THR 


GLN 


TYR 


TYR 


09 


■ ami 

LEU 


SER 


GLU 


ASP 


THR 


10 


VAL 


THR 


PRO 


LEU 


GLY 


1 1 


(ARG) 


\ # A 1 

VAL 


LEU 


VAL 




12 


VAL 


ASP 


\ / A 1 

VAL 


V / A 1 

VAL 


A • A 

ALA 


13 


LEU 


THR 


ARG 






14 


VAL 


LYS 


% # A 1 

VAL 






15 


ASN 


LEU 


LEU 






16 


(ASP) 


SER 


% i A I 

VAL 






17 


(ARG) 


PRO 


ASN 






18 


(VAL) 


PHE 


ASP 






19 


VAL 


(CYS) 


ARG 






20 


PRO 


(ASP) 








21 




LEU 








22 




PHE 








23 




THR 









0nr.2 



-24- 



N-K0Hei4 100Kfl 6exiKa 



ro 



00 



ri03HI4Hfl 

01 
02 
03 

04 
05 
06 
07 
08 
09 
10 



VAL 
VAL 
ASP 
GLU 
ARG 
PHE 

PRO 
TYR 

THR 
GLY 



1 2 3 4 5 6 7 8 



<t>W\3 

9 10 11 12 13 14 15 16 17 18 19 20 

nern-MA C: Leu-Ala-Val-Pro-Ala-Ser-Arg-Asn-GIn-Ser-Ser-Gly-Asp-Thr-Vah-Asp 

nenTMfl B: Ala-Ser- .-Gh-Ser-Ser— .—Asp-Thr-Val Asp-Gln-Gly-Tyr-Gln- 

nenTMfl A; • • •-Gln-Ser-Ser - • * *-Asp-Thr-Val -Asp-Gin 

B03MO)KHbm 

KOflOH:5' CTG-GCG-GTG-CCG-GCG-TCB-CGG-AAT-CAA-TCG-TCG-GGG-GAT-ACG-GTG-GAT-CAA-GGG-TAT- CAA- 
A A A A AA ACGAA ACAACGAC Q 
TTTTTTT TTT TT T 

CCCCCCC CCC CC C 

TTA AQT AGA AGT AGT 

0 C G C C 



o 

CO 



AB1024: 
AB1065: 

AB1066: 
AB1067. 
AB1068: 
AB1069: 
AB1070: 

AB1226: 
AB1227: 



AB1298: 



3'-CGG-CAG-GGG-CGG-TCG-GCG-TTG-GTC-TCG-TCG-CCG-CTG-TGG-CAG-CTG-GTC 

3'-CCG-CTG-TGG-CAC-CTG-GTC 

A 

0 

A 

A 

A 

A A A G A 

3-CAG-CTG-GTC-CCG-ATG-GTC 
C A A 

3 L CAG-CTG-GTC-CCG-ATG-GTC 
C A T A A T 
* T 

a I A o\ 3'~CTG-TGG-CAG-CTG-GTG-CCG-ATG-GTC 

<Dnr.4 (1 M3 2) A C C A T C A T 



O 
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(N KOHijeBOii y^acrroK <£iiTa3bi, npoAoraceHwe) 



21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
neniMAB: CAr^e-Sei^TTi^ 

CGG-TTT- TCG-GAG-ACG-TCG-CAT-CTG-CGG- GGG- CAG-TAT-CGC-CCG-TTT- TTT- GAT- CTG-GCG 
TACAAAACA AACCACC C AA 
TT TTTTT TT T T 

c c ccccc cc cc 

AGG AGT AGT TTG AGG ^ 

A C C A A A 

AB1388: 3-CCG-GTC- ATG-CGG-GGG- AAG- AAG- CTG- GA 

C C C A 

<t>w\5 (2M32) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

nerrrnfl A: (Gin- ? -Gln-Ala^IiJ-G!n-Glu^roH.e^ 

CAG-???-CAG-GCCrGAG-CAG-GAG-CCG-'CTG-GTG-{TCG/CGG)-GTG-CTG-GTG-(QAT/AAT) 
A AAA A A J 

T 

C 



A 


A 


A A 


A 


A 


A 


C 


T 


T 


T T 


T 


T 


T 


T 


C 
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AGT AGG 
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o 

AB 1295: 3 - GTC CGC.CTC GTC. CTC. GGG. GAG. CA -5' 

TGTTTCAC 00 



16 17 18 19 20 21 22 

-Asp/Thr/Arg-(Arg/VaI)-VahPro-<Pro)-Met-G!y 

-GAT/ACG/CGG-(CGG/GTG)^TG-CCG-(CCG)-ATG-GGG 
CAA AA AA A A 
T T T T T T T 
C C C C C C C 

AGG AGG 0wr>6(lM32) 
A A 
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AGT 
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TTG AGT 
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A C 





1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
nemviA B: (Trp)-Sei^Phe-Asp-Thr-Ue-Ser-Thr- Ser-Thr--Val-Asp-ThrH.ys-Leii"Ser-Pro-Phe- 

(TGG)-TCG -TTT-GAT-ACG-ATA-TCG-ACG -TCG-ACG-GTG-GAT-ACG-AAG-CTG-TCG-CCG-TTT- 
AC CATA AAAACAAAA AC 
T 
C 
AGT 
C 

AB 1 296 : 3'-AAG. CTG- TGC. TAG.AGG. TGG.AGG. TGG. CAC. CTG. TGC. TTC -5' 

TCC CTCC C 

AB1297: 3'-ggoaag. 



19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
(CysMAsp)-Leu-Phe-Thr^hrHAspM 

(GTGMGAT)- CTG- TTT- ACG-(ACGMGAT)- GAG) - (TGTMATAMACG/AAT) - (TATMCGG/GGGMTATHTTG 

CCACAAC A CT AC C A A C A 

T T f C T TT T 

C C C C C C C 

TTG AQQ TTG 

A A A 



(ACG). (CTG). GAG. AAG. TGC. (TGC). (CTG). (CTC). (ACQ). (TAG). (T)-S' 

C ° Q 0)^.7(21132) 00 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 <D 
Phe-Ser-Tyr-G!y-A!a-AlaHle-Pro^In-Ser-T^ 



5-TTT-TCG-TAT-GGG-GCG-GCG ATA-CCG-CAG-TCG-ACG-CAG-GAG-AAG-CAG-TTT-TCG-CAG-GAG-TTT-CGG-GAT- GGG 
CACAAATAAAAAAAACAAACAC A 
T TTT C TTT T TT 

CCCCCCC C C c 

AGT AGT AGT AGG 

C c C C 

73 AB1025: a'-ATG-CCG-CGG-CGG-TAG-GGG-GTC-TCG-TGG-GTC-CTC-TTC-GTC-AAG-TCG-GTC-CTC-AAG-GC-a 

_ AB1026: S'-GTC-CTC-TTC-GTC-AAG-TCG-GTC-CTC-AAG-GC-S 

^ T AGA T 

C 

AB1027: 3'-atg-ccg-gcg-cgc-taa-ggc-gtc-s' 

IO A T T G G 

^ A A 

^ G G 
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SaD 



I 

PvuH SaB Sail 
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Nrul ~ 
PvuH_ 
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KnoH # 

PAF28-1 

pAF2-2 
pAF2-3 
pAF2-4 
pAF2-5 
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pAF2-7 
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Hindlll 



Hindlll 



<Dwr.9 

Sail „ , „ 
BamHI 



Hindlll 



Hindlll 




Sail 



Hindlll 



0W\1O 



-28- 



GTCGACTTCCCGTCCTATTCGGCCTCGTCCGCTGAAGATCCATCCCACCA 

Sail 

* 

TTGCACGTGGGCCACCTTTGTGAGCTTCTAACCTGAACTGGTAGAGTATC 



ACACACCATGCCAAGGTGGGATGAAGGGGTTATATGAGACCGTCCGGTCC 
GGCGCGATGGCCGTAGCTGCCACTCGCTGCTGTGCAAGAAATTACTTCTC 
ATAGGCATCATGGGCGTCTCTGCTGTTCTACTTCCTTTGTATCTCCTGTC 

HaMano TpaHcnamin 

TGG GTATGCTAAGCACCACAATCAAAGTCTAATAAGGACCCTCCCTT CGG 

CTapT< ~ Z 

AGGGCCCCTGAAGCTCGGACTGTGTGGGACTACTGATCGCTGACTATCTG 

MHTpOH 

TGCAGAGTCACCTCCGGACTGGCAGTCCCCGCCTCGAGAAATCAATCCAG 
^KOHeLJ 

TTGCGATACGGTCGATCAGGGGTATCAATGCTTCTCCGAGACTTCGCATC 
TTTGGGGTCAATACGCACCGTTCTTCTCTCTGGCAAACGAATCGGTCATC 
TCCwCTGAGGTGCCCGCCGGATGCAGAGTCACTTTCGCTCAGGTCCTCTC 
CCGTCATGGAGCGCGGTATCCGACCGACTCCAAGGGCAAGAAATACTCCG 
CTCTCATTGAGGAGATCCAGCAGAACGCGACCACCTTTGACGGAAAATAT 
GCCTTCCTGAAGACATACAACTACAGCTTGGGTGCAGATGACCTGACTCC 
CTTCGGAGAACAGGAGCTAGTCAACTCCGGCATCAAGTTCTACCAGCGGT 
ACGAATCGCTCACAAGGAACATCGTTCCATTCATCCGATCCTCTGGCTCC 
AGCCGCGTGATCGCCTCCGGCAAGAAATTCATCGAGGGCTTCCAGAGCAC 



CAAGCTGAAGGATCCTCGTGCCCAGCCCGGCCAATCGTCGCCCAAGATCG 

BamHI 

ACGTGGTCATTTCCGAGGCCAGCTCATCCAACAACACTCTCGACCCAGGC 



ACCTGCACTGTCTTCGAAGACAGCGAATTGGCCGATACCGTCGAAGCCAA 

ct>wr.11(1n37) 

-29- 



TTTCACCGCCACGTTCGTCCCCTCCATTCGTCAACGTCTGGAGAACGACC 
TGTCCGGTGTGACTCTCACAGACACAGAAGTGACCTACCTCATGGACATG 1100 

TGCTCCTTCGACACCATCTCCACCAGCACCGJCGACACCAAGCTGTCCCC 

Sail 

CTTCTGTGACCTGTTCACCCATGACGAATGGATCAACTACGACTACCTCC 1200 
AGTCCTTGAAAAAGTATTACGGCCATGGTGCAGGTAACCCGCTCGGCCCG 
ACCCAGGGCGTCGGCTACGCTAACGAGCTCATCGCCCGTCTGACCCACTC 13 00 
GCCTGTCCACGATGACACCAGTTCCAACCACACTTTGGACTCGAGCCCGG 
CTACCTTTCCGCTCAACTCTACTCTCTACGCGGACTTTTCGCATGACAAC 1400 
GGCATCATCTCCATTCTCTTTGCTTTAGGTCTGTACAACGGCACTAAGCC 
GCTATCTACCACGACCGTGGAGAATATCACCCAGACAGATGGATTCTCGT 1500 

CTGCTTGGACGGTTCCGTTTGCTTCGCGTTTGTACGTCGAGATGATGCAG 

_ 

TGTCAGGCGGAGCAGGAGCCGCTGGTCCGTGTCTTGGTTAATGATCGCGT 1600 
TGTCCCGCTGCATGGGTGTCCGGTTGATGCTTTGGGGAGATGTACCCGGG 
ATAGCTTTGTGAGGGGGTTGAGCTTTGCTAGATCTGGGGGTGATTGGGCG 1700 
GAGTGTTTTGCTTAGCTGAATTACCTTGATGAATGGTATGTATCACATTG 

0CT3H0BK3 TpaHcrmmii/i 

CATATCATTAGCACTTCAGGTATGTATTATCGAAGATGTATATCGAAAGG 1800 
ATCAATGGTGACTGTCACTGGTTATCTGAATATCCCTCTATACCTCGTCC 
CACAACCAATCATCACCCTTTAAACAATCACACTCAACGCACAGCGTACA 1900 
AACGAACAAACGCACAAAGAATATTTTACACTCCTCCCCAACGCAATACC 
AACCGCAATTCATCATACCTCATATAAATACAATACAATACAATACATCC 2000 

Our. 12 (2M37) 

-30- 



ATCCCTACCCTCAAGTCCACCCATCCTATAATCAATCCCTACTTACTTAC 

TTCTCCCCCTCCCCCTCACCCTTCCCAGAACTCACCCCCGAAGTAGTAAT 2 100 

• • ■ • . 
AGTAGTAGTAGAAGAAGCAGACGACCTCTCCACCAATCTCTTCGGCCTCT 

• • • • 
TATCCCCATACGCTACACAAAACCCCCACCCCGTTAGCATGCACTCAGAA 2200 

• • • • • 
AATAATCAAAAATAACTAAGAAGGAAAAAAAAGAAGAAGAAAGGTTACAT 

• • • • , 
ACTCCTCTCATACAAACTCCAAGACGTATACATCAAGATGGGCAATCCCA 2300 

• • • • . 
CCATTACTGATATCCATCTATGAACCCATTCCCATCCCACGTTAGTTGAT 

• • • • • 

TACTTTACTTAGAAGAAG AAAAAGGGAAGGG AAGGGAAAGAAGTGGATGG 24 00 

• • • 

GATTGAGTTAGTGCTCACCGTCTCGCAGCAAGTTTATATTCTTTTGTTTG 

• • • • 
GCGGATATCTTTCACTGCTCCTGCTGGACGTTGTCACGGGGTGGTAGTGG 2500 

TTGGCGGTGGTGAGGGTCCATGATCACTCTTGGTTTGGGGGGTTGTTGTT 

GTCGTTGTTGTTGTTGTTGGGTGGGCATTTTCTTTTCTTCACTTGGGGAT 2600 

TATTATTTGGAATTGGTTAGTTTGAGTGAGTGGGTAATATTGAATGGGTG 

ATTATTGGGAATGAAGTAG ATTTGGCTATGAATGGTTGATGGGATGGAAT 2700 

• • • 

GAATGGATGGATGAATAGATGGAGGCGGAAAAGTCAGGTGGTTTGAGGTT 

* 

CGGATTATTATCTTTGTGCCTGAGGCATCACTCTCCATCTATGTTGTTCT 2800 
TTCTATACCGATCTACCAGAGCTAAGTTGACTGATTCTACCACAGTGCAC 
AATAAGTATGTACTTATTTCATTTAG AGTATTTAG ATTAACCCGCTGTGC 2900 

TATTTGCCGTAGCTTTCCACCCAATTTCGAAGTTCGAAGAATTAAAACTC 
ATCCTACAGTACAG AATAGAAGTAAAAGG AG AAGAG AAAAACAAG ATAAT 3000 

<Duir.13 (3M37) 

-31- 



ACAACCAGTCCAGGTCCATTCTAGATCTCGAATGACCACCAAATAAGAAA 

• • • • » 

G C AAC AAG C AAGTAAG C AAAG C AT AAGTCTAAATG AACG CC AATAACTTC 3100 

• • • • » 
ATCGCCTGCCTTTGAAACTGAACGCTATGCACGAATGGCTCGAAATGATT 

CCCTTAACTCCGTAGTATTG AGAGTGAGAGG AAAAGAAAAAAAG AGACAG 3200 

AAAAG CTG ACCATGGGAAAG AAG CATGATCAGTCGGG AATGG ATCTGCGG 

GTTGAGATAGATATGAGTTGCCTCGCAGATCCGGTGACAAGATAAGAGAA 3300 

TTGGGAGATGTGATCAGCCACTGTAACTTCATCAAGCATCGACATTCAAC 

• • • * • 
GGTCGGGTCTGCGGGTTGAGATGCAAGTTGAGATGCCACGCAGACCCGAA 34 00 

CAGAGTGAGAGATGTGAGACTTTTGAACCACTGTGACTTCATCAAGCATC 

AAAACACACTCCATGGTCAATCGGTTAGGGTGTGAGGGTTGATATGCCAG 3500 

GTTCGATGCCACGCAGACCCGAACCGACTGAGAAATATGAAAAGTTGGAC 

• • • * • 
AGCCACTTCATCTTCATCAAGCGTAAAACCCCAATCAATGGTAAATCGAA 3600 

• • * • • 
AACGAATCTGCGGGCTGATGTGGAAATGAGACGAATGCCTCGCAGATTCG 

7) 
C 

AAG ACACGTAAATCG AGATG AAC AATCACTTTAACTTCATCAAAGCCTTA 37 00 

^ AATCACCCAATGGCCAGTCTATTCGGGTCTGCGGGTTGAGGTTCCTGTTG 

O AGATGCCACGCAGACTGCGAACATGCGATGCATTATAAGTTGGACGAGTG 3800 

0> TAGACTGACCATTGATAACCGAGATAAACAATCACTTCAACTTCATCAAA 
00 

GCCTTAAATCACTCAATGGCCAGTCTGTTTGCGGTCTGCGGGCTGATACC 3900 

o 

CAAGTTGCGATGCCACGCAGACTGCAAACATTGATCGAGAGACGAGAAAA 

• • • ♦ • 
ACAACGCACTTTAACTTCAACAAAAGCCTTTCAATCAGTCAATGGCCAGT 4 000 

ct>i/ir.14 (4ii37) 

-32- 



O 
oo 

CO 



CTGTTCGCGGTCTGCGGGCTGATATGCGAGTTGAGGTGCCTCGCAGACCG 
CGAACATGCGATGTAATTTCTTAGTTAGACGAGTGCCTGGCCATTGAGAA 4100 

ACGAGAGAAACAACCACTTTAACTTCATGAAAGCCTTGAACTACTCAATG 

* 

ACCCGTCTGTTGGCGGTCTGCGGGCTGATATTCGAGTTGAGATGCCACGC 4200 

AGACCGCCAACATGCGATGTATCATGTAAGTTAGATGAGTGACTGGCCAT 

• * • 

TGAG AAACG AG AGAAACAACCACACTTCATGAGAGCCTTAAATTATTCAA 4300 

TGACCAGTCTGTTCACGGTCTGCGGGTTGGTATGCGAGTCGAGGTGCCTC 

GCAG ACCGCGAACATGCGATGTTTTCGATGGACGAGTGAAGCCTGACGAT 4400 

• • • 
CGAGAACTATCTCAGTTGGGTTGGCCATTCGGCTGGCCGTTGGGTTTAGT 

ATTAGGATCGTCAGGTTTGTCCGATGGAACGTTCCGTTTGCGTGCGTTGG 4500 

* 

CG CG ACG AG CCCTCTCCTCGG CGTG ATTCTG AAATTCTG CAATCAGGGCA 

• • . 

GCCGCAGCACGGCGACGGGACGTCCTCCAGGAGCTGTGTTGAAGTTTCGG 4600 

• • . 
GGTGGCGGTCCAGAAGGGGGAGTTACATTAAAAGCCTCATAGATGTCTTT 

GGGTGGTTCCGGGGGGCCCATCGCAAGATCTTCTGGAGTTGTGCGTCTGA 4700 

TCATCTCTTGAGTGTAATTGCGACGCAGACCGAGCTTCAGGATTTTGGAA 

GGGCTGGATCGCTCCTGCTGACTCTTTCCCTCAGCGGGCTTCGTCTCGGC 4800 

AGTCTTCATTTCGGCGGGCTGATCTTCCATCTCAGAATGGGATCGCTTTC 

TGGTCGCTGCACCCGCTCCTCCCTTCAAGGTCAGCTTGATGCGCAGCGTC 4900 

TTGGGCGGCTCAGCTGGTGGAGTTGGTTCCGGCTCTGGCTCCCTCCGGCG 

TCGCTTGGGCACTTGAGTAGTCTCTGAGGCTTCGCCGCGGCGCCGTTTGC 5000 

<t>l/ir.15 (5w7) 



GAGTCGGCTCCTTGGTCTCTTTGGCCTCTTTCACTTCACCTGGACCGTCT 

TTCGGGGCGGTTTCATCGTGCTGAGCGATCAAGGTTTGGATGTAGGCAGC 5100 

CGGCATCATTCGATCAACGGCAATTCCTCTCTTGCGGGCCTCCTCCCGAG 

CCTTGATTGTCGCCTTGACCTCGTCCACGTTTTCGAAGAAGAAAGGCATC 5200 

TTGTTATCCTGAGGCAAGTTGCGCTCTCCCATGCGTGGGGATATCCGAAG 

ATGCGGTCCTTCTCGAACTGTTCATGAGACTTCAGACGAATTGGAGGCTG 5300 

GGGGAGCAATTTGTCTCCGTAGGTGTTGTTAGGGCGGAACCAAGAATAGC 

CTTCGCCTACAACGACAAGCTCTTCGCCAAATTTATTTTTTTGGCCTGTA 5400 

AAAACGAACCCATCCTCGTCAGTCCACCGGTGCGTCTCGGACGTAGAGAT 

TGGCTTACTTATTCCCTCAACGCCGATCTCTGCCTGGGGCTGCGCTTCGG 5500 

ATGCGGCCTCGGTCACGGCTCCGCCTCGGACTGCACCGCTGGAGTTTCGG 

TCTTCTTCTCCTGCTTCTCCAGGTACTCCTTGCGTAACTCTTCGATCAGC 5600 

CTCGGCTTCCGATGACTGCTCAAATTCTGGAGCAACAGCTGCCGCGGCCA 

GGTCAAGCAGGCGGTTTGCTAAAACTGCCCATTTTCCATCGACACCTGCC 5700 

v 

TCCGACGCCTGTGCAAAACCAGCTGTTTTCGCATTGGCCTGTTTGTTGGC 

ACGCGTCTTCTTGACTGCTGCCTTGCCCTTTACTTCCTTGAGAGCAGACT 5800 

CTGGCTTAGATGATGGTGCACGGTTTCTGCGGAAGCGCCGCTCAGATTCC 

* 

AAAGATTCCATAGCTTTAATGGTAGGCTTTCTGGTTCTTCCAGAAGTGCG 5900 
CGCAGCTGACGTAGTGGTTGAGTAGCTGGCAGTTGGGGATCCTGGGCCCT 
CATTGG AACCATCAAGACC AAATTTGTTTCCATACATATC AGCATGGTAT 6000 

<t>i/ir.16 (6M37) 
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TCAAAAGGAAAACTTTCGCCGTACGGAGTACTGCGTTCGATTCCGGGTGT 



ATCCAAGTCGTATCCAGACATGGTGTCGAATTCAGCCTTGCTGTCAAGAG 6100 



CAGGGGTACTTTCAATGCTGTCAGCAACCACGCGGCCAAAGGGCGTCTTC 



GGGAAAGAAGGTGTTTCAAGAGAAGCGTCATCCACGGCCTGGCTTGCGGC 6200 



GTTGATTGCAGACTTTCGAGTAGATCGCTGAGGTCGCGAACTGGTTCGAG 



TAGCAACCTGTGAATTGGC AGCCTTGTGACTGCTTCGATTCACTGCAGAG 63 00 



ACGGAGTAGACTGCACTGATTTGGAATTCTGAGTCGCAGCCATTCTGGAT 



TTGCGTTCGGCGCGACGAGATCTCGCAGTCGTGGTACGAGGAGTAGAGCG 6400 



AGGCTGCGTAGCAGTGTTGCAAGCTTGGTGCTAGCCTCCTGGGCTTCAGC 



AGCTTCAGCAGTGGTGGCAGACGCAGCAGAATTAGCGGAGCTTTATCGGC 6500 



TTTGCCGCTCTGAGCGTTGGGAGTAGAAGTGAGAGAAGAGGTAGAGTCCA 



CGGAAGAAGTCTTCTCGCTGTTCTCAAAGCCGTTCAGCTTTGCTGGCATA 6600 



GACTTACGCGTCTTGCGGCTGTTGGAAGCGGAAGAGTTCATGGCGGGAGA 



GGAGACGTTAGAAGTAGACATGGTGGGGTTTGTTGACGGGTTTTGAGTAA 6700 



CAAGAGACTTGCGTCGATCTTTGAGTGTTCTTGACAGAAAGTTATGCAAC 



0> GTCGAC 6756 
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50 ' 60 

CGCGGTATCCGACCGACTCCAAGGGCAAGAAATACTCCGCTCTCATTGAG 

ARYPTDSKGKKYSALIE 

' 70 ' 

GAGATCCAGCAGAACGCGACCACCTTTGACGGAAAATATGCCTTCCTGAA 

BIQQN ArTPDGKYAPLK 
80 / 90 

GACATACAACTACAGCTTGGGTGCAGATGACCTGACTCCCTTCGGAGAAC 
TYNYStGADDLTPPGE 

100 ' no 

AGGAGCTAGTCAACTCCGGCATCAAGTTCTACCAGCGGTACGAATCGCTC 

QELVMSG IKPYQRYESL 

' 120 ' 

ACAAGGAACATCGTTCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGAT 
jy TRN1VPFIRSSGSSRVI 
c 130 ' 1«0 

CGCCTCCGGCAAGAAATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGG 
Kj ASGKXFIEGFQ8TKLK 

150 ' 160 

ATCCTCGTGCCCAGCCCGGCCAATCGTCGCCCAAGATCGACGTGGTCATT 

DPRAQPGQSSPKIDVVI 

' 170 / 

m TCCGAGGCCAGCTCATCCAACAACACTCTCGACCCAGGCACCTGCACTGT 

SEASSSNNTLDPGTCTV 
00 180 / 190 



O 



CTTCGAAGACAGCGAATTGGCCGATACCGTCGAAGCCAATTTCACCGCCA 
PEDSELADTVEANPTA 



200 . 210 



100 



ATGGGCGTCTCTGCTGTTCTACTTCCTTTGTATCTCCTGTCTGGAGTCAC 

MGVSAVLLPLYLLSGVT 
-23 -20 ' - 10 

CTCCGGACTGGCAGTCCCCGCCTCGAGAAATCAATCCAGTTGCGATACGG 

SGLAVPASRNQSSCDT 

-1 +1 ' 10 

TCGATCAGGGGTATCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTCAA 

VDQGYQCPSETSHLWGQ 

' 20 / 

TACGCACCGTTCTTCTCTCTGGCAAACGAATCGGTCATCTCCCCTGAGGT 200 

YAPPPSLANESVISPEV 
30 > 40 

GCCCGCCGGATGCAGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAG 
PAGCRVTPAQVLSRHG 



300 



400 



500 
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CGTTCGTCCCCTtCATTCGTCAACGTCTGGAGAACGACCTGTCCGGTGTG 
TFVPSIRQRLEHDL SGV 

' 220 ' 



ACTCTCACAGACACAGAAGTGACCTACCTCATGGACATGTGCTCCTTCGA 
TLTDTEVTYLMDMCSFD 
230 ' 240 



800 



CACCATCTCCACCAGCACCGTCGACACCAAGCTGTCCCCCTTCTGTGACC 
TISTSTVDTKLSPFCD 

250 ' 260 

TGTTCACCCATGACGAATGGATCAACTACGACTACCTCCAGTCCTTGAAA 

LFTHDEWINYDYLQSLK 

' 270 ' 



900 



AAGTATTACGGCCATGGTGCAGGTAACCCGCTCGGCCCGACCCAGGGCGT 

KYYGHGAGNFLGP TQGV 
280 ' 290 



CGGCTACGCTAACGAGCTCATCGCCCGTCTGACCCACTCGCCTGTCCACG 1000 
GYANELIARLTHSPVH 
9 300 ' 310 

ATGACACCAGTTCCAACCACACTTTGGACTCGAGCCCGGCTACCTTTCCG 
DDTSSNHTLDSSPATFF 

9 320 ' 

CTCAACTCTACTCTCTACGCGGACTTTTCGCATGACAACGGCATCATCTC 1100 
LKfi T LYADFSHDNGI I S 
330 ' 340 
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oo 
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CATTCTCTTTGCTTTAGGTCTGTACAACGGCACTAAGCCGCTATCTACCA 
ILFALG LYNGTKPLST 
9 350 ' 360 

CGACCGTGGAGAATATCACCCAGACAGATGGATTCTCGTCTGCTTGGACG 

TTVENITQTDGFBSAWT 

9 370 ' 

GTTCCGTTTGCTTCGCGTTTGTACGTCGAGATGATGCAGTGTCAGGCGGA 

VPFASRLYVEMMQCQAE 
360 ' 390 

GCAGGAGCCGCTGGTCCGTGTCTTGGTTAATGATCGCGTTGTCCCGCTGC 

QEPLVRVLVMDRVVPL 
9 400 ' 410 

ATGGGTGTCCGGTTGATGCTTTGGGGAGATGTACCCGGGATAGCTTTGTG 
HGCPVDALGRCTRDSFV 

9 420 ' 



1200 



1300 



O 



AGGGGGTTGAGCTTTGCTAGATCTGGGGGTGATTGGGCGGAGTGTTTTGC 

RGLSFARSGGDWAECFA 
430 ' . „ 440 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



